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Abstract 


* 


This  report  summarizes  hand  and  arm  dimensional,  clearance,  and  strength 
data  of  27  adult  males  wearing  the  A/P22S-2  full-pressure  suit.  Thirty-six  measures 
were  obtained  under  each  of  three  conditions:  bare-handed;  gloved  and  un- 
pressurized;  and  gloved  and  pressurized.  The  data  are  both  summarized  for  all 
subjects  and  retried  independently  by  glove  size  worn.  Uses  of  the  data  are 
suggested  and  specific  design  values  recommended. 
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CLEARANCE  AND  PERFORMANCE  VALUES 
FOR  THE  BARE-HANDED  AND  THF.  PRESSURE-GLOVED  OPERATOR 

Section  I. 

INTRODUCTION 

ThU  report  quantifies  spatial  dimensions  and  performance  decrements  for  36  hand  and  arm 
positions  and  actions  while  wearing  a  full-pressvre  suit,  both  uninflated  and  inflated,  and  presents 
design  criteria  to  help  overcome  the  handicap. 

One  of  the  major  problems  in  flying  space  vehicles  or  certain  aitcraft  when  the  mission  re¬ 
quires  prolonged  flight  above  50,0(0  feet  is  restricted  mobility  caused  by  the  full-pressure  suit. 
In  geneial,  any  hand  covering  lowers  a  naan's  maximum  potential  for  performing  certain  manual 
operations;  but.  the  full-pressure  suits  create  severe  decrements  in  hand  mobility  and  an  increase 
in  the  area  occupied  by  the  hand  through  the  bulk  of  the  glove.  More  than  a  decade  of  develop¬ 
ment  has  improved,  but  has  rvot  eliminated,  the  problem,  nor.  to  my  knowledge  is  there  anything 
presently  in  the  design  stage  that  will  permit  full  hand  flexibility  and  dexterity,  and  significantly 
decrease  the  volume  or  the  hand  covering. 

Previous  studies  on  the  manual  work  capability  of  pressure-suited  operators  have  been  di¬ 
rected  into  two  avenues  of  ••■search.  The  first  of  these  is  largely  concerned  with  the  combined 
effects  of  pressure  suits  rodueed  gravity  environments  upon  an  operator.  This  research  has 

dealt  primarily  with  thi  .ems  of  extravehicular  activity  required  of  astronauts  during  space 

missions.  Stremer  review,  iese  studies  in  his  paper.  TLt  E  fleet  of  Red-tftd  Cooed y  on d  Pmn-re 
Suit t  Upon  Operator  Capability  (Streincr,  1965). 

The  other  type  of  research  concerns  tlic  evaluation  of  various  Air  Force  and  National  Aero¬ 
nautics  and  Space  Administration  operational  and  developmental  pressure  suits  and  pressure  gloves, 
including  the  A/P22S-2.  A/P22S-2A.  A/P22S-4.  X  20.  the  XACS  series.  CAC.  AX5H.  the  MD 
series,  and  the  MOL  series.1  The  research  deludes  anthropometric  measures  of  suit  and  glove 
ballooning,  { i.e..  the  increase  in  sire  and  changing  configuration  of  the  garment  when  inflated  to 
various  pressures)  and  simple  manual  dexterity  tests  like  the  Purdue  Peghuard.  which  have  been 
used  to  compare  hand  dexterity  of  pressure-suited  subjects  wearing  inflated  and  uninflated  gloves. 
Laboratory  tests  of  this  type  have  little  practical  systems  design  value  for  they  are  restricted  to 
a  few  subjects  in  static  positions  or  doing  basically  'unreal*  tasks.  Thus,  the  test  results  from  a 
single  subject  cm  the  Purdue  Pegbwxrd  Test,  where  a  man  it  required  to  pick  up  and  manipulate 
vetv  small  pegs  ( 1  by  0  125  inches),  washers  (0.3fi3-inch  od  by  0  156-inch  id),  and  collars  (0250- 
tech  by  0.150-inch  id),  have  little  value  tq  a  human  factors  engineer  designing  for  a  task  that 
require*  operators  of  varied  sues  and  hilt*  to  manipulate  certain  items.  The  designer  learns  that 
a  Subject  caonct  handle  the  "cry  small  items  w.th  much  speed  or  accuracy,  but  he  floes  not  learn 
what  range  of  sires  Use  entire  potential  using  population  can  handle  effectively. 

This  study  was  initiated  to  study  die  efit-cS*  nl  weiring  pressure  gloves  on  selected  manipu¬ 
lative  skills  end  the  spaces  required  to  accommodate  tlte  pressure  gkrvd  hand.  live  questions  to 
be  answered  were: 


<Ke*  psW«i-e>t  dit»  we  collar  15*1.  |0&S,  fW»  tO«J  Ri*4  |S*t.  trj  WrU  1064  IVpvWiihnj  d»t*  K*v* 
!•  M-kts  M  Atrtrttetrr.  ).  Cmrtl.  rsii  K  of  tKr  BcxacK  Amcwr 

U«hri  T  puwecH  Lsutraianc*.  UrcW  l’Clnw!  Aril,  OK«i  ilW 
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1 )  What  ere  the  spatial  requirement!  of  a  pilot’*  hand  in  a  hare-handed  condition,  while 
wearing  an  uninflated  full-pressure  glove,  and  while  wearing  an  inflated  (35  paig)  full-presrure 
glove? 

2)  What  are  the  performance  decrement*  for  certain  type*  of  manual  capability;  that  is,  in 
torque  potential,  gripping  power,  and  ability  to  rotate  the  hand,  wrist  and  arm  under  the  same 
three  conditions  as  above? 

3)  Wliat  criteria  can  be  established  for  the  design  of  controls,  handles,  and  apertures  that  a 
pressure-suited  mao  is  expected  to  operate  or  penetrate  with  his  suit  either  uninflated  or  inflated? 

Thirty-six  anthropometric  and  biomechanical  dimension*  were  selected.  Each  dimension  was 
selected  to  provide  specific  data  for  a  clearance  problem,  control  design,  or  control  placement. 
Miny  of  tlvose  selected  are  basic  to  standard  design  criteria  for  barehanded  operation  as  pre¬ 
sented  in  Chapters  8  and  8  of  the  Human  Engineering  Guide  to  Equipmenl  Design  (HEGED) 
(Morgan  et  al.  1963 f.  Each  of  the  36  dimensions  is  described  in  this  report  on  separate  pages, 
verbally  and  pictorially.  Included  are  technical  definitions  foe  anthropologists  and  more  general 
definitions  for  the  design  engineer.  Also  given  are  summary  statistical  data,  percentage  of  value 
change  (both  as  a  function  of  the  individual  differences  and  of  the  differences  of  the  means) 
hetweon  wearing  uninflated  aid  inflated  gloves  and  the  barehanded  condition,  and  the  complete 
range  of  values  for  wearers  of  each  si'e  glove.  In  addition,  human  engineering  applications  and 
specific  design  recommendations  are  presented. 

As  only  a  few  of  these  dimensions  had  been  taken  during  conventional  anthropometric  sur¬ 
veys,  it  was  necessary  to  produce  several  new  measuring  instruments.  These  were  constructed  of 
common  materials  and  equipment  so  that  they  may  be  duplicated  with  minimal  effort  if  desired 
and  are  described  in  the  appendix. 

Three  standard  anthropometric  dimensions  of  the  hand  ( Hand  Length.  Hand  Breadth  and 
Hand  Circumference),  plus  Weight  and  Stature  were  measured  to  compare  the  27  subjects  used 
in  this  study  to  2120  Air  Force  rated  personnel  measured  during  a  1967  anthropometric  survey  of 
Air  Force  personnel  This  comparison  it  shown  in  table  I. 


TABLE  I. 

COMPARATIVE  DATA 


N- 

Meun 

27 

SO 

N- 

2420 

5D 

Stature 

17452  cm.  68  01  in 

8.11  cm.  119  in 

17754  cm.  0952in 

620  cm.  244  in 

Weight 

7*  29  kg.  16125  thi 

11.76  kf.2S55Iht 

7890  kg.  17100  th* 

OTSkg.  21441b* 

Hand 

Length 

1955  cm,  7.63  in 

L10era.O45in 

19.11  cm,  752 in* 

0.62  cm.  052  in 

Hand 

Breadth 

854 on.  145  in 

OSS  ctn*  0.22  in 

650  cut.  ISO  in 

042 era;  0.16  in 

Hand 

Qitumfeteate 

21,24  cm.  536  in 

15S cm. 054  in 

2155em.549ia 

094  cm. 057  in 

*Oo  lS*-  IUai  Ixofi  w-i  wwiiri  u  Srjlua  Uadwri  to  D*rTyio*. 
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Measurements  were  taken  of  each  of  the  36  dimensions  under  three  conditions  on  each  sub¬ 
ject:  1)  barehanded  and  suited,  2)  wearing  an  A/P22S  2  full  pressure  suit  and  gloves  but  no 
helmet;  and  3)  wearing  the  entire  A/P22S-2  full  pressure  ensemble  inflated  to  35  psig.  All  meas¬ 
urements  were  taken  on  the  subjects'  ngHt  hand.  A  recent  article  (Laubach  and  McConville, 
1967)  has  demonstrated  tlte  impracticability  of  considering  right  versus  left  hand  anthropometric 
differences.  This  article  reports  right  versus  left  hand  mean  differences  of  0.01  cm  ( 0.004  in)  in 
Hand  Length  and  0.03  «.m  (0  012  in)  in  Hand  Breadth.  From  a  design  viewpoint,  1  would  sug¬ 
gest  these  represent  no  significant  practical  difference. 

Each  dimension  was  taken  in  the  same  position  for  all  subjects  during  each  of  the  three  condi¬ 
tions.  The  subject  was  seated  in  e  B~i7  downward  ejection  seat  with  scat  block  and  back  support. 
Restraint  was  provided  by  a  shoulder  harness  and  tap  belt.  There  is  no  special  significance  in  the 
i)47  scat,  it  merely  was  available  anil  provided  a  standard  seat  for  all  tests.  A  30-inch  high  table 
was  used  when  required.  The  rotation  and  torque  indicators  were  always  placed  on  the  table 
just  above  the  subject's  right  knee.  Data  collection  was  accomplished  at  the  C5Cth  Physiological 
Training  Flight,  Tyndall  AFB,  Florida,  during  the  spring  and  summer  of  1967.  Because  of  the 
great  difficulty  in  obtaining  access  to  a  complete  si/e  range  of  A/P22S-2  suits  and  gloves  and  of 
the  time  involved  in  donning,  adjusting  and  doffing  a  full-pressure  suit,  it  was  expedient  to  test 
only  two  subjects  in  each  glove  sire.  An  additional  subject  was  tested  in  a  small  glove  jSize  B), 
another  in  a  medium  glove  (Sire  E).  and  another  in  the  largest  glove  (Sire  L).  This  constitutes 
a  total  sample  of  27.  The  A/P22S-2  full-pressure  gtoves  ( figure  1 )  were  fitted  according  to  the 
operational  sizing  chart,  table  11. 


TABLE  II. 


A/P22S-2  FITTING  CHART  (GLOVES) 
Inches  —  ( Centimeters ) 


If  Hand  Circumference  is 

ami  Hand  Length  is 

Then  Clon  e 

Stir  is 

T5*  ( 19.77 )  —  or  below 

6N  { 16  83)  to  7*  (17.78) 

A 

?**  ( IS  10)  to  7H(  19  05) 

B 

7**  ( 19 37 )  to 8  (2D 32) 

C 

8  (20.32)  to  SN  ( ?1.27) 

©N  (IT  15)  to7‘»  (1810) 

D 

7'«  ( 18  42)  to  T*%  ( 19.6S) 

E 

7S(ai£»)  tofic.  (So 96) 

F 

8«*(21J»)  t oh\{21Z*) 

7  (17  7S)  to7H  (1973) 

C 

7M19CG)  toT*  (2000) 

H 

5  (2032)  toSw  (21.27) 

l 

9  (52S6)  -  and above 

7**  (ISlOf  tor*  (19  05) 

I 

TN  ( 19 37 )  :e  SS,(2Q&4) 

X 

5*«  (2D 991  ar»ii  above 

L 

•f*  ojmlMu]  faTwc  live  smtuenarwu  «.-»  uln  to  tK»  s=o*r*r*  exk 


Each  subject  wore  hss  correct  suit  vwv  fitted  *c  reading  to  the  operational  uairtg  chars,  table 
111  fallowing 


TABLE  UL 

A/P22S-2  F1TTINC  CHART 


If  Weight  is 
lb 

ond  Height  it 

Inches— (centimeter*) 

then  Suit  size  is 

125-149 

63  ( 160.02)-  67*  (  171.45) 

Small  Regular 

125-149 

67*  (171.45) -72  (182.88) 

Small  Long 

150-174 

64*  (  163.83)  -69  (175.26) 

Medium  Regular 

150-174 

69  ( 175.28  )-73*(  186.69) 

Medium  Long 

175-199 

96  (167.64)- 70*  (179.07) 

Large  Regular 

175-199 

70*  ( 179.07)- 75  (19050) 

Large  Long 

200  -  224 

67*  (171.45)  -72  (182.88) 

X-Large  Regular 

200-224 

72  (182.88)  -76*  (194.31) 

X-Large  Long 

Each  suit  size  was  worn  by  at  least  one  subject. 


The  A/P22S-2  is  the  current  USAF  operational  full-pressure  suit  (figure  2).  It  is  described 
in  detail  in  the  Air  Force  Technical  Order  14P3-6-81,  dated  1  June  1964.  The  suit  is  constructed 
to  Military  Specification  M1L-F-27628  (USAF)  and  the  gloves  to  MIL-C-27650A  (I'SAF).  It  is 
hoped  that  the  engineering  anthropometry  data  presented  here  may,  with  suitable  alteration  to 
reflect  changed  design  features  such  as  seam  patterns  or  restraint  configurations,  be  useful  when 
the  A/P22S-2  assembly  is  replaced  in  the  Air  Force  inventory. 

A  listing  of  the  27  subjects  and  their  pertinent  anthropometric  data  are  presented  in  table  IV. 
All  subjects  were  nourated  airmen  stationed  at  Tyndall  AF3,  Florida. 


The  correlation  coefficients  for  certain  basic  anthropometric  dimensions  are  as  follows:  (all 
barehanded) 


N-27 


Height  aid  Hand  Length  0.783 

Weight  and  Hand  Length  0587 

Height  and  Hand  Circumference  0.517 

Weight  and  Hand  Circumference  0.733 

Hand  Length  and  Hand  Circumference  0.571 


The  relationship  between  the  size  of  a  man’s  hand  and  the  size  of  his  body  is  not  great  enough  for 
an  accurate  prediction  of  an  individual's  glove  size  from  his  height  and  weight.  Therefore,  the  en¬ 
tire  range  of  performance  values  for  wearers  of  each  glove  size  for  each  dimensior  is  given  graph¬ 
ically  in  the  data  section  to  provide  data  for  any  special  design  problem  that  may  arise.  The 
change  in  the  data  range  is  not  necessarily  consistent  as  one  goes  up  or  down  the  glove  sizing 
range  A  designer  must  take  special  care  what  values  he  incorporates  into  special  design  solutions. 
Values  for  glove  size  D  are  not  necessarily  greater  than  those  for  glove  size  B,  nor  are  they  neces¬ 
sarily  less  than  values  for  glove  size  K. 
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^  ^  for  certain  of  these  apparent  inconsistenries.  The  primary  reason 

ISIrf?»*3,8h| ** ^  L°f  diJneUSi0n5  lics  ir  the  sy«e™  "hich  «rv.~  as  siLgand  fitting 

criteria  for  the  g  oves.  Because  the  relationship  between  band  length  and  h*,id  circumference  is 

oot  great  (correlation  confident  0^71),  the  glove  sizin*  program  is  based  on  an  oveZdng 

ZZ  t  SXtTw  ,hree  ^  T*  "“f 1  ,0  cach  °f  fnur  hsnd  --mference,  SJS 
C  F  r  tni  f  ^  ^  ’’if5  P”?***'*1  0n  anlhropomc,nc  da'»-  tabic  II.  Tli, is,  the  four  sizes 
F,  I  and  L  are  actually  the  longest  gloves  in  the  series,  as  there  are  only  12  sizes,  the  actual 

fitting  of  a  population  constitutes  a  spectrum  of  hand  sizes  within  each  glove  size-  some  men 
barely  fitting  into  the  particular  size  range,  some  near  the  middle,  and  others  near  tire  ,jnn«- 

diffeW)tlf  hT  f1  Wt,sfac,oniy  the  conditions  of  the  12  sS 

k  f  ‘ffT  ’  Van0US  ,evcls  o(  mo,ivaHon-  and  basically  different  manual  manipu¬ 

lative  skills  for  each  man,  it  is  not  unreasonable  that  most  performances  will  vary  somewhat  even 

when  two  or  more  men  wear  the  same  size  gloves.  vary  somewnat  even 


ng«w«  1 

Ml 


S 
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TABLE  IV. 


ANTHROPOMETRIC  DATA  OF  THE  27  SUBJECTS 
{ Pounds  and  Centimeters) 


Subject 

Number 

Age 

Height 

Weight 

Hand 

Length 

Hand 

Circ. 

Pressure 
Clove  Size 

Pressure 

Suit  Site 

1 

24 

155.2 

110 

18.2 

10.9 

A 

Sm.  Reg. 

2 

20 

185.9 

128 

17.9 

19.5 

A 

Sm.  Reg 

3 

23 

167S 

139 

19.0 

20.3 

B 

Sm.  Reg. 

4 

22 

177.0 

188 

18.3 

19.8 

B 

l«.  Reg. 

5 

31 

174S 

183 

19.0 

20.3 

B 

Lg.  Reg. 

6 

23 

175.1 

145 

19.4 

182 

C 

Sm.  Long 

7 

22 

174.2 

141 

19.5 

19.6 

C 

Sm.  Long 

8 

23 

173.9 

127 

18.0 

20.6 

D 

Sm.  Long 

9 

21 

188.2 

152 

182 

21.2 

D 

Med.  Reg. 

10 

22 

174.6 

157 

192 

20.4 

E 

Med.  Reg. 

11 

20 

164.6 

127 

19.4 

20.5 

E 

Sm.  Reg. 

12 

22 

172.0 

155 

19.4 

207 

E 

Med,  Reg. 

13 

20 

179.8 

150 

20.0 

20.4 

F 

Med.  Long 

11 

45 

177.8 

178 

21.1 

21 S 

F 

Lg.  Reg. 

IS 

24 

164.8 

161 

18.9 

21.6 

G 

Med.  Reg. 

ia 

20 

184.1 

144 

18.7 

21.0 

G 

Sm.  Reg. 

17 

25 

173.3 

168 

19.0 

21.6 

H 

Med.  Long 

18 

21 

174.4 

149 

19.4 

21.8 

H 

Sm.  Long 

19 

20 

1811 

165 

21.0 

212 

I 

Med.  Long 

SO 

29 

184.0 

191 

20.2 

21.7 

I 

Lg.  Long 

£1 

39 

170.0 

212 

18S 

232 

J 

X-Lg.  Reg. 

22 

21 

1814 

177 

19.2 

23.1 

J 

Lg.  long 

23 

21 

183.6 

198 

20.3 

22.8 

K 

Lg-Long 

U 

27 

1701 

182 

19.7 

22.S 

K 

Lg.  Reg. 

25 

SO 

1842 

193 

212 

229 

L 

Lg.  Long 

28 

19 

193.0 

205 

21.3 

23.4 

L 

X-Lg.  Long 

27 

34 

1815 

188 

21.1 

23.3 

L 

Lg.  Long 

6 


The  design  criteria  recommendations  are  5th  or  95th  percentile  values  rounded  to  the  nearest 
0.25  inch,  for  the  largest/highest  or  smallest/lowest  measurement.  A  clauic  example  will  suffice 
to  illustrate  the  principle  involved.  A  cockpit  canopy  must  be  high  enough  to  allow  most,  if  not 
all  (here  arbitrarily  95  it),  of  the  pilots  to  sit  comfortably  without  striking  their  heads.  Panel  con¬ 
trols  must  be  located  close  enough  to  the  seat  to  allow  most,  if  not  all,  (again  here  arbitrarily  95%) 
of  the  operators  to  reach  them.  The  canopy  height  is  thus  fixed  at  a  distance  above  the  seat  at 
least  equal  to  the  sitting  height  of  95%  of  the  pilots,  a  95th  percentile  value  for  sitting  height;  and 
the  control  is  placed  within  the  distance  from  the  seat  back  that  is  equal  to  the  arm  reach  of  5% 
of  the  pilots,  a  5th  percentile  value  for  arm  reach.  In  this  way,  95%  of  the  using  population  can 
both  sit  comfortably  in  the  closed  cockpit  and  at  the  same  time  reach  the  controls. 

The  range  of  values  for  each  glove  size  must  be  looked  at  for  those  specific  problems  where 
the  5ih-95th  percentile  figures  are  not  applicable,  as  interpolation  between  per ''entiles  can  pro¬ 
vide  erroneous  information. 

The  design  recommendations  contained  in  this  report  provide  data  on  the  limits  beyond  which 
a  man  cannot  perform,  not  at  what  point  he  performs  best.  Optimal  design  criteria  can  be  estab¬ 
lished  only  through  additional  psychomotor  and  psychological  testing  procwlu.  ■*. 
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Section  II 


DIMENSIONS  AND  DATA 


9 


HAND  LENGTH 


Subject's  right  hand  is  extended, 
palm  up.  With  the  bar  of  the 
sliding  caliper  lying  along  his 
palm,  measure  the  distance  from  > 
the  wrist  crease  to  the  tip  of  the 
longest  finger. 


ANTHROPOMETRIC  DATA  (Ns 27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  &5  prig. 


Condition  I 

Conditions 

Conditions 

7: 

19.38  cm;  7.63  ia 

19.84  cm;  7.81  in 

19.70  cm;  7.76  in. 

SD: 

1.16  cm;  0.45  ia 

1.22  cm;  0.48  in. 

1.39  cm.  0.55  ia 

\'%:s 

5.96 

6.14 

7.07 

*TK»  oodBcfcot  of  variation  n^eon  Ota  tUadani  devtalna  u  a  pnwoUj*  of  the  mean. 
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HAND  LENGTH 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES* 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 

Condition  2:  Subject  wearing  unpressurized  suit  and  gi-  '•s. 

Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 

*The  percentile  value*  (or  >  particular  set  of  data  tre  treated  u  though  plotted  on  normal- probability  graph  paper, 
and  a  smooth  curve  fitted  to  the  points  by  conventional  curve-fitting  procedure*  (Hcrtzberg  et  al,  1963,  p.  33). 


Condition  1 


Centirreterr 

Percent  tier 

inchtt 

21227 

95 

TH 

8.37 

21.00 

90 

TH 

8.27 

20.09 

85 

TH 

8.15 

20.42 

80 

TH 

8.04 

20.17 

75 

TH 

7.94 

19.95 

70 

TH 

7.86 

19.75 

65 

TH 

7.78 

19.58 

60 

TH 

7.71 

19.41 

55 

TH 

7.61 

19.20 

50 

TH 

7.58 

19.12 

45 

Th 

7.53 

18.99 

40 

TH 

7.48 

18.87 

35 

TH 

7.43 

18.75 

30 

TH 

7.38 

18.63 

25 

TH 

7.34 

18.51 

20 

TH 

7.29 

18.37 

15 

TH 

7.23 

18.18 

10 

TH 

7.15 

17.73 

5 

TH 

6.93 

Condition  2 

Cent  (met  err  Percent  der 

Inchn 

21.72 

95  TH 

8.55 

21.53 

90  TH 

8.48 

21.30 

85  TH 

8.39 

21.08 

80  TH 

8.30 

20.86 

75  TH 

8~21 

20.65 

70  TH 

8.13 

20.44 

65  TH 

8.03 

20.24 

00  TH 

7.97 

20.01 

55  TH 

7.89 

19.84 

50  TH 

7.81 

19.65 

45  TH 

7.73 

19.45 

40  TH 

7.6fl 

19.28 

35  TH 

7.58 

19.06 

30  TH 

7.50 

18.87 

25  TH 

7.43 

18.6a 

20  TH 

7.35 

18.49 

15  TH 

7.28 

18.33 

10  TH 

7.22 

18.29 

5  TH 

7.20 

Condition  3 


Centimeter*  Percentilcr 

laches 

22.03 

95 

TH 

8.67 

21.09 

90 

TH 

8.54 

21.30 

85 

TH 

8.39 

20.96 

80 

TH 

8315 

20.65 

75 

TH 

8.13 

20.38 

70 

TH 

8.02 

20.13 

65 

TH 

7.93 

19.92 

60 

TH 

7.84 

19.72 

55 

TH 

7.70 

19.54 

50 

TH 

7.09 

19.37 

45 

TH 

7.63 

19.22 

40 

TH 

757 

19.08 

35 

TH 

751 

18.94 

30 

TH 

7.45 

18.79 

25 

TH 

7.40 

18.63 

20 

TH 

7.34 

18.43 

15 

TH 

728 

18.12 

10 

TH 

7.14 

17.42 

5 

TH 

6-86 

Percentage  Inert  ate  of  the 
Individual  Differences  (Avenged) 
ComdHitm  l  or  Sue 

Condition  2:  2  43* 
Condition  3: 1.71* 


Percentage  Increase  of  the 
Means 

Ccmd  atom  1  ar  Bear 

Condition  2:  2.37% 
Condition  3: 1.65* 


Hand  Lenaih 

%r 

A  standard  anthropometric  mauuiannit  of  the  maximally 
stretched  hand,  from  the  wrist  to  the  tip  of  the  longest  finger 

HUMAN  ENGINEERING  APPLICATIONS 

Far  —  1)  Comparison  with  published  large  anthropometric  survey  data  or  data  from  a  pertinent 
specialized  population 

2)  Access  of  the  entire  hand  into  a  receptacle 

3)  Location  of  finger  tip  controls  in  depth  of  receptacle 

DESIGN  OUTES1A 

Number  of  inches  neoessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded 

Unprctturiud 

Pressurized 

For  applications 

1  and  2 

8%  in. 

8  %  in. 

£ 

CO 

in. 

For  applications 

1  and3 

6  3A  in. 

7  in. 

63/4 

in. 

12 
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Range  of  Values  for 
Hand  Length  per  Glove  Size 


HAND  LENGTH; 

THUMB  -  FOREHNGEB 


Subject*  right  hind  i*  extended, 
the  tip*  of  the  thumb  and  fore¬ 
finger  lightly  touching.  Holding 
the  bar  of  the  itiding  caliper 
parallel  to  the  long  axis  of  the 
thumb,  measure  from  the  wri*t 
crease  to  the  farthest  point  of 
digit  2. 


\ 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2.  Subject  wearing  unpresturized  suit  and  glove*. 
Condition  3:  Subject  wearing  suit  and  glove*  pressurized  to  15  psig. 


Condition  1 

Condition  2 

Condition  3 

* 

11.88  cn»;  4.63  in. 

13.27  cm.  5.22  in. 

1150  cm,  551  in. 

SU¬ 

1.02  cm,  0.40  in. 

1.19  cm;  0.47  in 

1.18  cm;  0.46  in 

VA: 

8.62 

0.00 

8.74 
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HAND  LENGTH; 

THUMB  -  FORf  FINGER 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 


Condition  1:  Subject  wearing  unprrsiurized  suit  but  barehanded. 


Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 


Condi  tico  3;  Subject  wearing  suit  and  gloves  pressurized  to  15  paig, 


Condition  1 


Centimeter*  Fere erUilet 

Indue 

1170 

95 

TH 

5.39 

13.28 

60 

TH 

5.22 

12.92 

85 

Til 

5.09 

12.65 

80 

TH 

4.98 

12.43 

75 

TH 

4.89 

12.25 

70 

TH 

4.62 

12.09 

85 

TH 

4.78 

11.08 

80 

TH 

4.71 

U54 

55 

TH 

4.86 

11.74 

50 

TH 

■4.62 

11.85 

ad 

TH 

459 

11-57 

40 

TH 

455 

11.43 

35 

T1I 

452 

i  1.4a 

30 

TH 

4.4? 

11.32 

25 

TH 

4.48 

1121 

20 

TH 

4.41 

1108 

15 

TH 

4.35 

10.78 

10 

TH 

424 

10.00 

5 

TH 

3197 

Conditions 

Centimeter/  Fercentilee 

imeha 

15.58 

95  TH 

6.12 

15.00 

90  TH 

5.91 

14.57 

85  TH 

5.74 

14.23 

80  TH 

5.80 

1394 

75  TH 

5.49 

13.70 

70  TH 

5.40 

13.50 

85  TH 

5.31 

1332 

80  TH 

5.24 

13.16 

55  TH 

5.18 

1302 

50  TH 

5.13 

12.89 

45  TH 

5.08 

12.78 

40  TH 

5.03 

12.87 

35  TH 

4.90 

1258 

30  TH 

4.94 

13  45 

25  TH 

4.90 

12-32 

20  TH 

4.S5 

12.16 

15  TH 

4.79 

11-89 

10  IH 

4.68 

11227 

5  TH 

4.44 

Conditions 


CottMlff 

l  Ftrcemttlm 

Indue 

15.64 

95  TH 

6.16 

14.S8 

90  TH 

5.90 

14.62 

85  TH 

5.75 

14-37 

80  TH 

5.66 

14.17 

75  TH 

558 

1401 

70  TH 

552 

13.87 

65  TH 

5.48 

13.74 

60  TH 

141 

1101 

55  TH 

516 

1149 

50  TH 

511 

1136 

45  TH 

5J26 

1123 

40  TH 

121 

1110 

35  TH 

lie 

12.95 

30  TH 

110 

*2.78 

25  TH 

103 

1257 

ao  TH 

4.95 

1232 

15  TH 

4-8S 

11.97 

10  TH 

4.71 

1118 

5  TH 

4.48 

Percentage  fnrrvosv  of  ikt 
Individual  Difference*  (Averaged) 
CWiHn  l  m  Sam 

Condition  2:  12.09% 

Condi  boo  3: 119$% 


Percentage  tncream  of  On 
(/mu 

ComJnnm  1 1  tat* 

Cord  it  ion  2  12-96% 
Condition  3:  1172% 
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Hand  Length;  Thumb -Forefinger 

A  measurement  of  the  length  of  the  head  from  the  wrist  to  the 
farthest  point  of  the  lodes  finger  when  it  is  in  contact  with  the 
tip  of  the  thumb;  the  so-called  tip  position  (HECED,  op.  dt, 
P*  568) 


HUMAN  INCINKBING  AFFIXATIONS 

Far  —  1 )  Effective  length  of  the  hand  i -nr  grasping  operations 

2)  Determination  of  length  of  hand  support  for  those  controls  which  require  precise  posi¬ 
tioning  ( HECED,  op.  at-,  p.  283) 

3)  Location  of  oooticls  within  as  aperture 


DESIGN  CUTBUA 

Number  cf  inches  necessary  to  include  or  accommodate  approximately  96*  of  USAF  rated 
personnel: 


Barehanded 

(/spwwimi 

Prtmtriud 

Far  applications 
land2 

5  &  in. 

6 Vi  in. 

6‘A 

in. 

For  application 

3 

3%  in. 

4>/«  in. 

4'/« 

in. 

18 


Range  of  Values  for 

Hand  Length;  Thumb -Forefinger  per  Glove  Size 

lodMt  (cm) 

330  4  00  4.30  3.00  8.30  8  00  *50 

(8  99)  (10  16)  (11.43)  (12.70)  (1397)  (!824)  (1134) 


HAND  BREADTH; 

METACARPAL* 


Subject!  right  hand  is  extended, 
palm  up.  With  the  bar  of  the 
sliding  caliper  lying  across  the 
back  of  his  hand,  measure  the 
maximum  breadth  across  the  dis¬ 
tal  ends  of  the  metacarpals 
(knuckles). 


K- 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  tmpressurized  suJt  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 


Condition  2 


Condition  3 


8.84  cm;  3.48  in.  939  cm;  3.77  in. 

035  cm;  0.22  in,  0.00  cm;  0.23  in. 


6.21 


6.21 


952  cm;  3.75  in. 


X 

SD 

V% 


18 


0.66  cm;  0.28  in. 
8.96 


HAND  BREADTH; 

METACARPALE 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  ur. pressurized  suit  but  barehanded. 
Condition  2t  Subject  wearing  unpressurized  suit  and  gloves. 
pridian"  3:  Subject  wearing  suit  and  gloves  pressurized  to  15  psig. 


Condition 1 


ntimeten  Percentile* 

Inche* 

8.09 

95  TH 

3.82 

9.03 

90  TH 

3.79 

9.51 

85  TH 

3.74 

9.38 

80  TH 

3.89 

9.27 

75  TH 

3.65 

9.16 

70  TH 

3.81 

9.00 

65  TH 

357 

8.97 

60  TH 

353 

8.89 

55  TH 

3.50 

8.81 

50  TH 

3.47 

8.74 

45  TH 

3.44 

8.07 

40  TH 

3.41 

8.61 

35  TH 

3.39 

854 

30  TH 

3.36 

8.48 

25  TH 

3.34 

8.42 

20  TH 

3.31 

8.34 

15  TH 

3.23 

8.22 

10  TH 

3.24 

7.97 

5  TH 

3.14 

Condition  2 


Ctntimettrt  Percentile* 

Inches 

10.58 

95  TH 

4.10 

10.47 

90  TH 

4.12 

10.32 

85  TH 

4.06 

10.18 

80  TH 

4.01 

10.05 

75  TH 

3.90 

9.93 

70  TH 

3.91 

9.82 

65  TH 

3.87 

9.72 

60  TH 

3.83 

9.63 

55  TH 

3.79 

954 

50  TH 

3.76 

9.46 

45  TH 

3.73 

9.39 

40  TH 

3.69 

9.31 

35  TH 

3.07 

9.23 

30  TH 

3.64 

9.10 

25  TH 

3.61 

9.07 

20  TH 

3.57 

8.97 

15  TH 

3.53 

882 

10  TH 

3.47 

850 

5  TH 

355 

Conditions 

Centimeters  Percentile* 

Inches 

1055 

85  TH 

4.16 

10.48 

90  TH 

4.12 

10.35 

85  TH 

4.06 

10.23 

80  TH 

4.03 

10.11 

75  TH 

3.98 

9.99 

70  TH 

3.93 

9.87 

65  TH 

3-89 

9.70 

00  TH 

3.84 

9.64 

55  TH 

3.80 

953 

50  TH 

3.75 

9.42 

45  TH 

3.71 

9.31 

40  TH 

3.07 

9.20 

35  TH 

3.62 

9.09 

30  TH 

35S 

8.98 

25  TH 

353 

8.68 

20  TH 

3.49 

8.74 

15  TH 

3.44 

8.01 

10  TH 

3-39 

850 

5  TH 

355 

Percentage  Inert  ate  of  the 
Individual  Dtfjrrenrci  (Averaged) 
Condition  1  u  &**■ 

'  Condition  2:  8.63% 
Condition  3:  7.81% 


Percentage  Inert  ate  of  the 
Meant 

Condition  1  es  BaM 

Condition  2: 8.48% 
Condition  3;  7.69% 
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Hand  Breadth;  Metacarpale 

A  standard  anthropometric  measurement  across  the  widest  bony 
part  of  the  flat,  stretched  hand;  not  including  the  thumb 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  i)  Comparison  with  published  large  anthropometric  survey  data  or  data  from  a  pertinent, 
specialized  population 

2)  Access  of  the  flattened  hand  through  an  aperture 

3)  Minimum  length  of  handgrips  and/or  handles 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded 


Umpremaized 


Premttized 


For  applications 
1.2,3 

For  application 


4  in. 
3  in. 


4Vi  in. 

4V4  in. 

3V4  in. 

3Vi  in. 
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Range  of  Values  for 

Hand  Breadth;  Metaca?paie  per  Glove  Size 

It* 1 1  (cm) 


iSO  3.00  iSO  4.00  490 

(6.39)  (7.62)  (689)  00.16)  (11.43) 


HAND  BREADTH; 

METACAJfAU,  MINIMUM 


Subject  extendi  sad  narrow*  hi* 
right  hand  aj  small  as  possible. 
Measure  the  maximum  distance 
across  the  distal  ends  of  the  meta- 
carpals  (knuckles)  of  digits  2-5. 


1 


NmuMUMWmJ  4m 


ANTHROPOMETRIC  DATA  (N=27) 

Condition  1:  Subject  wearing  un  pressurized  suit  but  barehanded. 
Condition  &  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  prig. 


Condition  J  Condition  2 


Conditions 


X  &38  cm;  350  in.  9.31  cm;  3.00  In. 

SD :  0 .51  cm;  0.20  in.  052  cm;  0.20  in. 

V*:  0.07  550 


953  cm;  3.75  in. 
0.65  cm;  0.20  in. 
055 
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HAND  BREADTH; 

METACARP  ALE,  MINIMUM 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpreuurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  psig. 


Condition  l 


m timeitrs 

Percentiles 

Inchat 

934 

95 

TH 

3.64 

9.02 

90 

TH 

3.55 

8.91 

85 

TH 

3.51 

8.82 

80 

TH 

3.47 

8.75 

75 

TH 

3.45 

869 

70 

TH 

3.42 

8.63 

65 

TH 

3.40 

857 

60 

TH 

3.37 

851 

55 

TH 

3.35 

8.44 

50 

TH 

3.32 

8.37 

45 

TH 

3.30 

8.30 

40 

TH 

3.27 

8.22 

35 

TH 

3.24 

8.13 

30 

TH 

3.20 

8.03 

25 

TH 

3.16 

7.91 

20 

TH 

3.12 

7.78 

15 

TH 

3.06 

7.61 

10 

TH 

3.00 

7.40 

5 

TH 

291 

Conditions 

Centimeters  Percentiles 

inchet 

10.13 

95  TH 

3.99 

10.11 

90  TH 

3.98 

9.98 

85  TH 

3.93 

9.85 

80  TH 

3.88 

9.72 

75  TH 

3.83 

9.60 

70  TH 

3.78 

9.49 

65  TH 

3.74 

9.39 

60  TH 

3.70 

9.30 

55  TH 

3.66 

9.21 

50  TH 

3.83 

9.13 

45  TH 

3.60 

9.06 

40  TH 

3.57 

8.99 

35  TH 

3.54 

8.93 

30  TH 

3.51 

8.86 

25  TH 

3.49 

8.80 

20  TH 

3.46 

8.73 

15  TH 

3.44 

8.63 

10  TH 

3.40 

8.41 

5  TH 

331 

Conditions 


mtkneten  Percentiles 

Inches 

10.81 

95  TH 

4.18 

10.57 

90  TH 

4.16 

10.44 

85  TH 

4.11 

10.29 

80  TH 

4.06 

10.15 

75  TH 

4.00 

10.01 

70  TH 

3.94 

9.88 

65  TH 

3.89 

9.75 

60  TH 

3.84 

9.63 

55  TH 

3.79 

951 

50  TH 

r.74 

939 

45  TH 

3.70 

928 

40  TH 

3.65 

9.17 

35  TH 

3.61 

9.05 

30  TH 

356 

8.94 

25  TH 

352 

8.83 

20  TH 

3.48 

8.72 

15  TH 

3.43 

859 

10  TH 

3.38 

8.43 

5  TH 

332 

Percentage  Increase  of  the 
Individual  Differences  (Averaged) 
Condition  I  as  Bast 


Percentage  Increase  of  the 
Means 

Condition  I  at  Bate 


Condition  2:  11.29% 
Condition  3:  13.92% 


Condition  2: 11.19% 
Condition  3:  1172% 


Hand  Breadth;  Mntacarpale  Minimum 

A  measure  o i  the  smallest  possible  breadth  (width)  to  which  a 
man  can  narrow  his  hand 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  minimum  dimensions,  here  widths,  for  ingress  and  egress  of  die  hand 
into  an  aperture 

2)  The  smallest  width  for  placement  of  the  hand  anywhere 

DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  aooommodate  approximately  96%  of  USAF  rated 
personnel: 


8e«ehanded  Uap.'vaaurized  PttMutixed 

3%  in.  4  in.  4%  in. 
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1 


Range  of  Values  for 

Hand  Breadth;  Msfacarpale,  Minimum  per  Glove  Size 


HAND  CIRCUMFERENCE; 

METACARPAUS 


Subject  *  right  hand  is  extended, 
palm  down,  thumb  held  away 
from  the  fingers.  With  the  tape, 
measure  the  circumference 
around  the  distal  ends  of  the 
metacarpals  (knuckles)  of  digits 
2  and  5. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 

Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 

Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  pug. 

Condition  1  Condition  2  Condition  3 

21.24  cm;  8 .30  in.  22.99  cm;  9.05  in.  2455  cm;  9.67  in. 

1J0  an,  054  In.  1.45  cm;  0.57  in. 

6.41  6229 


Y 

SD 

V% 
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1214  cm;  0.61  in. 
629 


HAND  CIRCUMFERENCE; 

METACARP  Aif 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Centimeters  Percentiles 

Inches 

Centimeters 

Percentiles 

Inches 

Centimeters  Percentiles 

Inches 

23.38 

95  TH 

9.20 

25.54 

95  TH 

1006 

27.01 

96  TH 

10.63 

23.35 

90  TH 

9.19 

24.99 

90  TH 

9.84 

26.80 

90  TH 

1065 

23.04 

85  TH 

9.07 

24.83 

85  TH 

9.70 

26.49 

85  TH 

10.43 

22.71 

80  TH 

8.94 

24.34 

80  TH 

9.58 

28.18 

80  TH 

10.31 

22.39 

To  TH 

8.82 

24.08 

75  TH 

9.48 

25.87 

75  TH 

10.19 

22,10 

70  TH 

8.70 

23.84 

70  TH 

9.38 

25.57 

70  TH 

10.07 

21.82 

65  TH 

8.59 

23.61 

65  TH 

929 

25.28 

65  TH 

9.95 

21.57 

60  TH 

8.49 

23.38 

60  TH 

9.20 

25.00 

60  TH 

9.84 

21.34 

55  TH 

8.40 

23.16 

55  TH 

9.12 

24.72 

55  TH 

9.73 

21.13 

50  TH 

8.32 

22.94 

50  TH 

9.03 

24.44 

50  TH 

9.62 

2094 

45  TH 

8.24 

22.71 

45  TH 

8.94 

24.17 

45  TH 

952 

20.76 

40  TH 

3.17 

22.48 

40  TH 

8.85 

23.90 

40  TH 

9.41 

20.59 

35  TH 

8.10 

22.25 

35  TH 

8.76 

23.64 

35  TH 

9.31 

20.42 

30  TH 

8.04 

22.01 

30  TH 

8.67 

23.37 

30  TH 

920 

20.26 

25  TH 

7.98 

21.77 

25  TH 

857 

23.11 

25  TH 

9.10 

20.09 

20  TH 

7.91 

21.52 

20  TH 

8.47 

22.85 

20  TH 

9.00 

19.89 

15  TH 

7.83 

21.28 

15  TH 

838 

22.00 

15  TH 

890 

19.58 

10  TH 

771 

21.07 

10  TH 

8.30 

22.39 

10  TH 

8.82 

18.86 

5  TH 

7.43 

21.05 

5  TH 

829 

22L32 

5  TH 

879 

Percentage  Increase  of  the 
Individual  Differences  (Aw,rogtd) 

Ct  ndttion  1  «<  Best 


Percentage  Increase  of  the 
Steam 

Condition  1  ns  Bom 


Condition  2:  8.28% 
Condition  3:  15.64% 


Condition  2:  8.24% 
Condition  3: 1558% 
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Hand  Circumferenco;  Metacarpaie 

A  standard  anthropometric  measurement  of  the  circumference 
around  the  knuckles  of  the  flattened  hand 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Comparison  with  published  large  anthropometric  survey  data  or  data  from  a  pertinent 
specialized  population 

2)  Access  of  the  hand  from  fingertips  to  thumb  crotch  into  an  aperture  or  receptacle 

DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95*  of  USAF  rated 
personnel: 


Banhanded 

Unpntturized 

Preuuriud 

For  application 

7*4  in. 

8 Vi  in. 

8%  in. 

For  aopbf-itinoj 

1  and  2 

9%  in. 

lOVi  in. 

10%  in. 

Range  of  Values  for 

Hand  Circumference,  Metacarpale  per  Glove  Size 


HAND  CIRCUMFERENCE; 

THUMB  •  FOREFINGER 


Subjects  right  hand  is  extended 
with  the  tip*  of  the  thumb  and 
forefinger  lightly  touching.  With 
the  tape  passing  over  the  distal 
ends  of  the  metacarpal! 
(knuckles)  of  all  five  digits, 
measure  the  circumference  of  the 
hand. 


t 


ANIHBWOMETWC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  uzs  pressurized  suit  but  barehanded. 
Condi  boo  2.  Subject  wearing  un  pressurized  suit  and  gloves. 
Condition  3.  Subject  wearing  suit  and  gloves  pressurized  to  33  prig. 


Condition  J 


Condition  2 


Condition  3 


X  273®  cm;  10.77  in. 

SO;  1.77  aa;  0.70  in. 

V*:  ft.i5 


2S37cm.  1137  in. 
135  cm,  0.65  in. 
5.71 


3137  cm.  1231  to. 
133  cm,  0.00  to. 
4.S1 
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HAND  CIRCUMFERENCE; 

THUMB-  FOREPINGER 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurucd  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpresturized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  33  prig. 


Condition  1 


Cmttmettn  Percentile* 

Inch** 

30.97 

95  TH 

12.19 

29.92 

90  TH 

11.78 

29.27 

65  TH 

11.52 

2S.S0 

80  TH 

11.34 

23.42 

75  TH 

11.19 

23.11 

70  TH 

11.07 

27.84 

65  TH 

10.90 

27.60 

60  TH 

10.87 

27.38 

55  TH 

10.78 

27.17 

50  TH 

10.70 

26.97 

45  TH 

10.62 

20.78 

40  TH 

10.54 

28.58 

35  TH 

10.46 

26.37 

30  TH 

19.38 

26.15 

25  TH 

1029 

25.63 

20  TH 

10.19 

ass 

15  TH 

1006 

2507 

10  TH 

9.87 

24.17 

5  TH 

931 

Condition  2 


Centimeter*  Percentile* 

Incktt 

31.15 

95  TH 

12.28 

30.88 

90  TH 

12.16 

30.62 

85  TH 

12.05 

30.38 

80  TH 

11.35 

30.11 

75  TH 

11.85 

29.86 

70  TH 

11.75 

29.61 

65  TH 

11.66 

29.35 

60  TH 

11.56 

29.10 

55  TH 

11.46 

23.84 

jOTH 

11.35 

2953 

*5  TH 

11.25 

28.31 

40  TH 

11.15 

28.03 

35  TH 

11.04 

27.75 

30  TH 

10.92 

27.45 

25  TH 

10.81 

27.14 

20  TH 

10.60 

£9.54 

15  TH 

10.57 

2655 

10  TH 

10.45 

26.41 

5  TH 

10.40 

Conditions 


Centimeter*  Percentile* 

Inch** 

3325 

95  TH 

13.09 

33.03 

90  TH 

13.01 

32.90 

85  TH 

1295 

32.77 

80  TH 

1290 

3282 

75  TH 

1284 

3248 

70  TH 

1278 

3229 

65  TH 

1271 

3209 

90  TH 

1264 

51.83 

55  TH 

1.B.SS 

3135 

50  TH 

1246 

31.39 

45  TH 

1236 

31.12 

40  TH 

1225 

30.81 

35  TH 

1213 

30.48 

30  7H 

1200 

30.11 

25  TH 

11.85 

29.70 

20  TH 

11.69 

2924 

15  TH 

11.51 

23.74 

10  TH 

11.32 

2530 

5  TH 

11.14 

Percentage  Ivcnum  of  the 
individual  DiPffmcei  (Aoere^td} 

Comtek*  I  tt  Bom 


Percenters  Incveaae  of  the 
Wfcw 

CodiiaM  J  at  Sax 


Condition  2:  3  65% 
CooditlooS: 14.60% 


Condition  2:  552% 
Condition  3: 14-29% 
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Hand  Circumference;  Thumb- Forefinger 

A  measurement  of  the  circumference  of  the  hand  around  the 
knuckles  when  the  tip  of  the  index  finger  is  in  coniact  with  the 
tip  of  the  thumb;  this  is  the  so-called  tip  position 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  dimensions  of  apertures  and  workspace  areas  designed  for  occu¬ 
pation  by  a  man's  hand  in  the  tip  position 

2)  Location  of  certain  types  of  controls  (toggles,  rotary  switches,  etc.)  in  depth  of  receptacle 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


For  application 

For  application 

2 


Barthanded 

12%  in. 
9%  in. 


Unpressurized 

12%  in. 
10%  in. 


Pressurized 

13%  in. 
11  in. 
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alues  for 
•  Forefinger  per 


HAND  CIRCUMFERENCE; 

METACARPAL!,  MINIMUM 


Subject  eatends  and  narrows  his 
right  hand  as  small  as  possible. 
With  the  tape,  measure  the  cir¬ 
cumference  around  the  distal  ends 
of  the  metacarpals  (knuckles)  of 
digits  2  and  5. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1;  Subject  wearing  unpresiurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressuriied  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  32>  psig. 


Condition  1 


Condition  2  Conditions 


2177  cm;  9.30  in. 
2J30  cm;  0.91  in. 

9.09 


2S.19  cm;  10.31  in. 
262cm;  1.03  in. 
10.00 


28.03  cm;  11.04  in. 
2.79  cm;  l.lOin. 
9.96 


T 

SD: 

\%i 
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HAND  CIRCUMFERENCE; 

METACARP  ALE,  MINIMUM 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Centimeter*  P erctnliiet 

Inchet 

centimeter*  Percentile* 

Inchet 

Centimeter*  Percentile* 

Inchet 

26.87 

95  TH 

10.58 

29  69 

95  TH 

11.69 

31.94 

95  TH 

1237 

26.85 

90  TH 

10.57 

29.47 

90  TH 

11.00 

31.71 

90  TH 

12.48 

26.54 

85  TH 

10.45 

29.24 

85  TH 

11.51 

31.35 

85  TH 

12.34 

26.10 

80  TH 

10.30 

29.02 

80  TH 

11.42 

30.96 

80  TH 

12.19 

25.77 

75  TH 

10.14 

28.79 

75  TH 

11.34 

30.53 

75  TH 

12.02 

25.37 

70  TH 

9.99 

28.20 

70  TH 

11.10 

30.10 

70  TH 

11.85 

24.88 

65  TH 

9.83 

27.53 

65  TH 

10.84 

29  66 

65  TH 

11.68 

24.50 

60  TH 

9.68 

27.05 

60  TH 

10.65 

29.21 

00  TH 

1130 

24.21 

55  Til 

9.53 

26.71 

55  TH 

10.52 

28.74 

55  TH 

11.32 

23.82 

50  TH 

9.38 

26.38 

50  TH 

10.38 

2827 

50  TH 

11.13 

23.44 

45  TH 

9.23 

25.83 

45  TH 

10.17 

27.77 

45  TH 

10.93 

23.00 

40  TH 

9.03 

25.10 

40  TH 

9.88 

27.27 

40  TH 

10.74 

22.07 

35  TH 

8.93 

24.93 

35  TH 

9.82 

26.74 

35  TH 

1033 

22.28 

30  TH 

0.77 

24.70 

30  TH 

9.75 

26.20 

30  TH 

10.31 

21.87 

25  TH 

3.61 

23.71 

25  TH 

9.33 

25.83 

25  TH 

10.09 

21.45 

20  TH 

8.45 

23.48 

20  TH 

9.25 

25.03 

20  TH 

9.86 

21.02 

15  TH 

8.28 

23.20 

15  TH 

9.10 

24.43 

15  TH 

9.62 

20.56 

10  TII 

8.09 

22.00 

10  TH 

8.90 

23.85 

10  TH 

9.39 

20.00 

5  TH 

7.90 

21.92 

5  TH 

8.63 

2335 

5  TH 

927 

Percentage  Increase  of  the 
Individual  Difference]  ( Averaged) 
Condition  l  *i  Bat* 


Percentage  Increase  of  the 
Meant 

Condition  1  at  Bat * 


Condition  2:  10.24% 
Condition  3: 19.10% 


Condition  2:  10.18% 
Condition  3:  17.92% 


Hand  Circumference;  Metacarpale,  Minimum 

A  measure  of  the  smallest  circumference  when  the  hand  is  nar¬ 
rowed  as  much  as  possible 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Determination  of  minimum  dimensions  for  ingress  and  egress  of  the  hand  into  an 
aperture 

2)  The  smallest  spatial  envelope  for  placement  of  the  hand  anvwhere 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded  Unprvtsurized  Pressurised 

10%  in.  11%  in.  12%  in. 
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Range  of  Values  for 

Hand  Circumference;  Metacarpal©,  Minimum  per  Glove  Size 


ir>ch«t  (cm) 

950  1150 

(24.13)  (2921) 


13.50 

(34.29) 


FIST  CIRCUMFERENCE 


Subject  makes  a  tight  fist  with  his 
right  hand.  With  the  tape  passing 
over  the  distal  ends  of  the  meta¬ 
carpal:  (knuckles)  of  all  five 
digits,  measure  the  circumference 
of  the  fist. 


ANTHROPOMETRIC  DATA  (N=27) 

Cooditioo  1:  Subject  wearing  unpressurta*:  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  1  Subject  wearing  suit  and  gloves  pressurized  to  35  pug. 


Condition  1 

T.  28.02  cm;  11.42  in. 

SD;  1.88  cm;  0.79  in. 

V%:  6.87 


Conditions 

30.77  cm;  12.11  in. 
1.42  ctu;  05?  in. 

461 


Conditions 

31.91  cm;  12-56  In. 
1.00  cm;  0.63  in. 

5.01 
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FIST  CIRCUMFERENCE 


ANTHROPOMETRIC  DATA  EXPOSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpeeuurized  luit  but  barehanded. 
Condition  2  Subject  wearing  unpreuuriied  mit  and  glove*. 
Condition  3:  Subject  wearing  lult  and  glove*  preuurized  to  35  psig. 


Condition  1  Condition  2  Conditions 


Cenhmotm  PtrcmtiUi 

Inchit 

Ctnlkntun  PtrcmtiUi 

Inchit 

Ctntimiin  PtrantiUt 

Inchtt 

32.11 

95  TH 

1264 

32.87 

95  TH 

12.94 

34.09 

95  TH 

13.42 

31.83 

90  TH 

1253 

3272 

90  TH 

12.88 

33.91 

90  TH 

1355 

31.44 

85  TH 

1238 

3247 

85  TH 

1278 

33.72 

85  TH 

1357 

31.0S 

80  TH 

1222 

3221 

80  TH 

1268 

3351 

80  TH 

13.19 

30.67 

75  TH 

1208 

31.98 

75  TH 

1258 

33.30 

75  TH 

13.11 

30.32 

70  TH 

11.94 

31.72 

70  TH 

1249 

33.07 

70  TH 

13.02 

29.97 

65  TH 

11.80 

3150 

65  TH 

1240 

3283 

65  TH 

1293 

29.64 

60  TH 

11.87 

31.28 

00  TH 

1232 

3258 

00  TH 

1283 

29.32 

55  TH 

11.54 

31.07 

55  TH 

1223 

3233 

55  TH 

1273 

29.00 

50  TH 

11.42 

30.87 

50  TH 

1215 

3200 

50  TH 

1202 

28.09 

45  TH 

11.29 

30.87 

45  TH 

12.06 

31.77 

45  TH 

1251 

28.38 

<0  TH 

11.17 

30.48 

40  TH 

1200 

31.48 

40  TH 

1239 

28.08 

35  TH 

11.05 

30.28 

35  TH 

11.02 

31.17 

35  TH 

1227 

27.77 

30  TH 

10.93 

30.08 

30  TH 

11.84 

30.84 

30  TH 

1214 

27.45 

25  TH 

10.81 

29.87 

25  TH 

11.70 

3050 

25  TH 

1201 

27.13  . 

20  TH 

10.68 

29.64 

20  TH 

11.67 

30.15 

20  TH 

11.87 

20.79 

15  TH 

10.55 

29.37 

15  TH 

11.30 

29.80 

15  TH 

11.73 

28.43 

10  TH 

10.40 

29.01 

10  TH 

11.42 

29.49 

10  TH 

11.01 

28.02 

5  TH 

10.25 

28.39 

5  TH 

11.18 

29.44 

5  TH 

1159 

Percentage  Inmate  oj  thg 
Individual  Differencet  (  Averaged) 

Condition  1  at  Bn m 


Percentage  Inmate  of  the 
Meant 

Condition  I  et  Bern 


Condition  2:  6.28% 
Condition  3.  10.22% 


Condition  2: 6.03% 
Condition  3:  9.90% 


Fist  Circumference 

A  menu  re  of  the  circumference  of  the  tight  fist  taken  over  the 
knuckles 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  minimum  dimensions  of  apertures  and  workspaces  designed  to  ac¬ 
cept  a  man's  fist 

DESIGN  CRITERIA 

Number  of  incites  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 

Bare  funded  Unprttrurized  Pteuurized 

123/4  in.  13  in.  13&  in. 
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i 


Range  of  Values  for 
Fist  Circumference  per  Glove  Size 

Inctoi  (cm) 


9.00  10.00  11.00  12.00  (3.00  14.00 

(2286)  (25.40)  (27.94)  (30.48)  (33.02)  (38.86) 


FINGER  BREADTH; 

DIGIT  2 


r 


Subject’s  right  index  finger  is  in¬ 
serted  into  a  series  o f  graduated  j 

holes.  Record  the  diameter  of  the 
bcle  which  most  closely  approxi¬ 
mates  the  maximum  breadth  of 
the  finger. 


ANTNSOK)  METRIC  DATA  (N=27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  3 JS  prig. 


Condition) 

Condition  2 

Condition  2 

X 

2.04  cm;  0.80  in. 

2JH  cm;  0.93  in. 

2-57  cm;  1.01  in. 

SD: 

0.12  cm;  0.05  in. 

0.11  cm;  0.05  in. 

0.17  cm;  QXfl  in. 

V*: 

5.87 

4.84 

8.48 
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FINGER  BREADTH; 

cion  2 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressumei  suit  and  glov  es. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.3  psig. 


Condition  1  Condition  2  Condition  3 


Centimeter*  Ftrcentlle* 

Incfiet 

Centimeter* 

Fenentiie* 

Inch** 

Centimeter*  Ferceatilet 

Inch** 

225 

95  TH 

0.88 

255 

95  TH 

1.00 

282 

95  TH 

1.11 

2.23 

90  TH 

0.83 

253 

90  1H 

1.00 

273 

90  TH 

1.08 

2.21 

85  TH 

0.87 

251 

85  TH 

0.99 

270 

85  TH 

1.06 

2.10 

80  TH 

0.83 

248 

80  TH 

0.98 

268 

80  TH 

L05 

2.09 

75  TH 

0.82 

246 

75  TH 

0.97 

266 

75  TH 

1.05 

2.09 

70  TH 

0.82 

245 

70  TH 

0.96 

264 

70  TH 

1.04 

2.06 

65  TH 

0.82 

243 

65  TH 

0.96 

263 

65  TH 

1.03 

2.06 

60  TH 

0.82 

241 

60  TH 

0.95 

261 

60  TH 

1.03 

207 

55  TH 

0.82 

240 

55  TH 

0.94 

260 

55  TH 

1.02 

2.07 

50  TH 

0.81 

238 

50  TH 

0.94 

258 

50  TH 

1.01 

206 

45  TH 

0.81 

237 

45  TH 

0.93 

256 

45  TH 

1.01 

206 

40  TH 

0.81 

235 

40  TH 

0.93 

254 

40  TH 

1.00 

205 

35  TH 

0.81 

234 

35  TH 

092 

251 

35  TH 

0.99 

1.94 

30  TH 

0.77 

2.32 

30  TH 

0.91 

248 

30  TH 

0.98 

1.94 

25  TH 

0.70 

230' 

25  TH 

0.91 

246 

25  TH 

097 

1.83 

20  TH 

0.78 

229 

20  TH 

0.90 

242 

20  TH 

0.95 

1.82 

15  TH 

0.76 

227 

15  TH 

0.89 

239 

15  TH 

0.94 

1.91 

10  TH 

0.75 

224 

10  TH 

0.88 

236 

10  TH 

0.93 

1.91 

5  TH 

0.75 

219 

5  TH 

0.68 

236 

5  TH 

093 

Percentage  1  novate  of  the 
Individual  D*  ;Terencet  (Averaged) 
Condition  I  at  Bam 


Percentage  Increase  of  tke 
Meant 

Condition  I  m  Bam 


Condition  2:  16-53% 
Condition  3: 26.41% 


Condition  2. 16.16% 
Condition  3:  25.95% 
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Rngor  Breadth;  Digit  2 

Tbs  maximum  breadth  of  the  index  finger 

HUMAN  ENGtNEESlNO  APFUCATIONS 

Far  —  1)  Siring  of  apertures  to  permit  entry  af  the  index  finger 

2)  Determination  of  minimum  distance  between  control  button* 

.  DESIGN  GOTE21A 

Number  of  inches  nooeerary  to  include  or  accommodate  approximately  96%  of  USAF  rated 
personnel: 


fMauriud 


Bonhaadixi 

1  in. 


UmpnmurisMd 

1  in. 


IVa  in. 


» 


Range  of  Values  for 
Fingor  Breadth;  Digit  2  per  Glove  Size 

tad m  (cm) 

0-T0  Q0O  0.90  LOO  1.(0 

11.78)  (2.03)  (229)  (294)  (279) 


L20 

(3.09) 


FINGER  BREADTH; 

DIGIT  3 


Subject's  right  middle  finger  is 
inserted  into  *  series  of  gradu¬ 
ated  holes.  Record  the  diameter 
of  the  hole  which  roost  closely 
approximates  the  maximum 
breadth  of  the  finger. 


k. 


-  ..  .4*  4. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condi ttoc  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 


Condition  2 


Conditions 


2.00  cm;  0.82  in. 
0.13  cm;  0.05  in. 
8.08 


242  an;  0.95  in. 


262  cm;  1.03  in. 
0.18  cm;  0.06  in. 

6.04 


* 

SD 

V% 


0.12  cm;  0.05  in. 
495 


FINGER  BREADTH; 

DIGIT  3 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENT  Iii$ 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3£  psig. 


Condition  1  Condition  2  Condition  3 


CenbmeUrt 

Percentilet 

Inch** 

Centimeter* 

Fenentiiet 

InrJist 

Centi metlrt  PercentUet 

Inchet 

225 

95  TH 

0.89 

254 

95  TH 

100 

284 

95  TH 

1.12 

2.24 

90  TH 

0.88 

254 

90  TH 

1.00 

277 

90  TH 

1.09 

223 

85  TH 

0.88 

253 

85  TH 

1.00 

273 

85  TH 

1.08 

223 

80  TH 

0.88 

253 

80  TH 

1.00 

271 

80  TH 

1.07 

2.90. 

75  TH 

0.87 

252 

75  TH 

0.99 

270 

75  TH 

1.06 

221 

70  TH 

0.87 

252 

70  TH 

0.99 

239 

70  TH 

1.06 

221 

65  TH 

0.87 

251 

65  TH 

0.99 

267 

65  TH 

1.05 

220 

80  TH 

0.87 

250 

80  TH 

0.99 

206 

60  TH 

1.05 

209 

55  TH 

0.82 

240 

55  TH 

0.94 

285 

55  TH 

1.04 

206 

50  TH 

0.82 

239 

50  TH 

0.94 

263 

50  TH 

1.04 

206 

45  TH 

0.82 

239 

45  TH 

0.94 

261 

45  TK 

1.03 

207 

40  TH 

0.82 

238 

40  TH 

0.94 

260 

40  TH 

1.02 

207 

35  TH 

0.81 

237 

35  TH 

0.93 

258 

35  TH 

1.01 

208 

30  TH 

Oil 

237 

30  TH 

0.93 

255 

30  TH 

1.00 

205 

25  TH 

Oil 

236 

25  TH 

0.93 

252 

25  TH 

0.39 

1.94 

20  TH 

0.77 

238 

20  TH 

0.93 

249 

20  TH 

0.98 

1.93 

15  TH 

0.76 

235 

15  TH 

0.93 

246 

15  TH 

0.97 

1.92 

10  TH 

0.78 

223 

10  TH 

0.88 

241 

10  TH 

0.95 

1.91 

5  TH 

0.75 

222 

5  TH 

057 

235 

5  TH 

0.93 

Percentage  Increase  of  the 
Individual  Difference*  (Averaged) 

Conditio*  l  4j  t*M 


Percentage  Increase  of  the 
Meant 

Condition  1 nt  Sam 


Condition  2:  15.84% 
Condition  3:  25.67* 


Condition  2. 15.79% 
Cooditioo  3:  2533% 


Fir.gor  Breadth;  Digit  3 

The  maximum  breadth  of  the  middle  finger 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Sizing  of  aperture*  to  permit  entry  of  the  middle  finger 

2)  Determination  of  minimum  distance  between  control  button* 

DESIGN  CRITERIA 

Number  of  Inche*  Decenary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
pcnonnel: 

Barehanded  Unpresturized  Pressurized 

1  in,  1  in.  X  Vi  in. 


4$ 


{■ 

. 


GRIP  BREADTH; 

INSIDE 


Subject  holds  •  cone  *t  the  largest 
circumference  that  he  can  grasp 
with  his  thumb  and  middle  fin* 
gen  just  touching.  Record  the  di¬ 
ameter  of  the  cone  corresponding 
to  this  maximum  circumference. 


t 

e  . .  W ManaMMiiine»—  »mm+ 


ANTHROPOMETRIC  DATA  (N  =  37) 

Condition  1;  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  SL  Subject  wearing  unpressurized  suit  and  glove*. 
Condition  3:  Subject  wearing  suit  and  glove*  pressurized  to  3-5  psig. 


Condition  1 

Condition  2 

Condition  3 

X 

4.87  cm;  1.92  in. 

4.37  cm;  1.72  in. 

4.03  cm;  1391a. 

SD: 

0.41  cm,  0.19  in. 

0.40  cm,  0.18  io. 

0.47  cm;  0.19  ia. 

V*: 

8.33 

6.12 

11.70 

50 


b 


GRIP  BREADTH; 

INSIDE 

ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  un pressurized  '-uit  but  barehanded. 
Condition  2:  Subject  wearing  unpressuri2ed  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  I  Condition  2  Condition  3 


CenUmeiers  Percentiles 

Inches 

Centimeim  Percentiles 

Inches 

Csntimeim  PercentiUs 

Inches 

5.55 

95  TH 

2.19 

5.16 

95  TH 

2.03 

4.83 

95  TH 

1.90 

5.48 

90  TH 

2.16 

5.03 

90  TH 

1.98 

4.74 

90  TH 

1.86 

5.39 

85  TH 

2.12 

4.90 

85  TH 

1.93 

4.63 

85  TH 

1.82 

5.30 

80  TH 

2.09 

4.79 

80  TH 

1.88 

4.53 

80  TH 

1.78 

5.22 

75  TH 

2.06 

4.68 

75  TH 

1.84 

4.43 

75  TH 

1.74 

5.14 

70  TH 

2.02 

4.60 

70  TH 

1.81 

4.34 

70  TH 

1.71 

5.07 

65  TH 

1.99 

4.52 

65  TH 

1.78 

4.26 

65  TH 

1.68 

4.99 

60  TH 

1.97 

4.44 

60  TH 

1.75 

4.18 

00  TH 

1.65 

4.92 

55  TH 

1.94 

4.38 

55  TH 

1.72 

4.10 

55  TH 

1.62 

4.86 

50  TH 

1.91 

4.32 

50  TH 

1.70 

4.03 

50  TH 

1.59 

4.70 

45  TH 

1.89 

428 

45  TH 

1.88 

3.96 

45  TH 

1.56 

4.72 

40  TH 

1.86 

4.21 

40  TH 

1.66 

3.89 

40  TH 

1.53 

4.66 

35  TH 

1.83 

4.17 

35  TH 

1.84 

3.82 

35  TH 

1.50 

460 

30  TH 

1.81 

4.12 

30  TH 

1.62 

3.75 

30  TH 

1.48 

4.53 

25  TH 

1.79 

4  06 

25  TH 

1.60 

3.68 

25  TH 

1.45 

4.47 

20  TH 

1.76 

4.03 

20  TH 

1.59 

3.60 

■10  TH 

1.42 

441 

15  TH 

1.74 

3.98 

15  TH 

1ST 

3.51 

15  TH 

1.38 

4.36 

10  TH 

1.72 

3.91 

10  TH 

1.54 

3.40 

10  TH 

1.34 

4.32 

5  TH 

1.70 

3.75 

5  TH 

1.48 

3.23 

5  TH 

1.27 

Percentage  Increase  of  the 
Individual  Differences  (Averaged) 
Condition  l  u  Bern 


Percentage  Increase  of  the 
Meant 

Conditio*  I  ns  B* at 


Condition  2:  10.06*  Gwdition  2:  10  27* 

Condition  3: 17-24*  Condition  3:  17.66* 
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Grip  Breadth;  Inside 

The  diameter  of  the  largest  cylinder  that  a  man  can  completely 
enclose  with  the  tips  of  his  thumb  and  middle  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  maximum  diameter  of  rod  shaped  or  cylindrical  objects  which  a 
man  can  completely  enclose  with  the  fingers  of  one  hand;  for  instance,  handles,  stmts, 
building  materials 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 

Barthanded  V  npretmrized  Pressurized 

\Vi  in.  lVi  in.  lVi  in. 


S2 


Range  of  Values  for 
Grip  Breadth;  Inside  per  Glove  Size 

lnch«i  (t-j) 


1.00  1.50  200  2.50 

(2.54)  (3.81)  (505)  ((.35) 


S3 


Subject  holds  *  cone  at  the  largest 
circumference  that  he  can  grasp 
with  his  thumb  and  middle  finger 
just  touching.  Using  the  sliding 
caliper,  measure  from  the  inter- 
phalangeal  joint  of  the  thumb  to 
the  knuckle  of  the  middle  finger. 


GRIP  BREADTH; 

OUTSIDE 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1;  Subject  wearing  unpretsurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unprcuurizrd  suit  and  gloves. 
Condition  Ik  Subject  wearing  suit  and  gloves  pressurized  to  15  psig. 


Condition  J 

Condition  2 

Condition  3 

% 

1057  cm,  4.10  in. 

10.66  cm;  4.21  in. 

11.00  cm;  4  04  in. 

SD: 

0.70  cm;  0.30  in. 

0.73  cm,  0.29  in. 

1.11  cm;  0.44  in. 

V*; 

7JZ3 

0.01 

930 
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GRIP  BREADTH; 

OUTSIDE 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PE^ENuLES 

Condition  1:  Subject  wearing  un  pressurized  suit  but  bare  Handed. 
Condition  2:  Subject  wearing  unpressuri2ed  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3,5  psig. 


Condition  1  Condition  2  Condition  3 


CmUmrltrt  Percentiles 

/«<**» 

C entimeiers  Percent! let 

Inches 

Cmtfautara  Tercen.iUs 

Inches 

11.75 

95  TH 

4.62 

11.70 

95  TH 

4.61 

13.71 

95  TH 

5.40 

11.42 

90  IK 

4.50 

11.55 

00  TH 

455 

13.30 

90  TH 

5.24 

11.26 

85  TH 

4.43 

11.47 

85  TH 

4.52 

13.03 

85  TH 

5.13 

11.16 

80  TH 

4.39 

11.40 

80  TH' 

4.49 

12.81 

80  TH 

5.04 

11.07 

75  TH 

4.38 

11.33 

75  TH 

4.48 

12.81 

75  TH 

4.97 

10.99 

70  TH 

4.33 

1125 

70  TH 

4.43 

12.43 

70  TH 

4.89 

10.92 

85  TH 

4.30 

11.16 

65  TH 

4.39 

1226 

65  TH 

4.83 

10.84 

80  TH 

4.27 

11.07 

80  TH 

4.38 

12.10 

80  TH 

4.70 

10.76 

55  TH 

4.24 

109° 

55  TH 

4.32 

11.94 

55  TH 

4.70 

10.88 

50  TH 

4.20 

10.85 

50  TH 

4.27 

11.78 

50  TH 

4.64 

10.59 

45  TH 

4.17 

10.73 

45  TH 

4.22 

11.62 

45  TH 

438 

10.49 

40  TH 

4.13 

10.80 

40  TH 

4.17 

11.48 

40  TH 

431 

10.38 

35  TH 

4.08 

1045 

35  TH 

4.12 

11.30 

35  TH 

4.45 

10.26 

30  TH 

4.04 

10.30 

30  TH 

4.05 

11.13 

30  TH 

4.38 

10.13 

25  TH 

3.99 

10.13 

25  TH 

399 

10.96 

25  TH 

4.31 

9.98 

20  TH 

3.93 

9.95 

20  TH 

3.02 

10.77 

SO  TH 

434 

9.80 

15  TH 

3.66 

9.70 

15  TH 

3.84 

1059 

15  TH 

4.17 

958 

10  TH 

3.77 

958 

10  Tll 

3.77 

10.41 

10  TH 

410 

9.33 

5  TH 

367 

932 

5  TH 

375 

1031 

5  TH 

4.06 

Percentage  Increase  of  the 
Individual  Difference  (Averaged) 
CondUkm  1  ts  Bess 


Percentage  Incrcctt  of  the 
Meant 

C  ndKion  1  at  IdM 


Condition  2:  1.30* 
Condition  3: 11.63% 


Condit? x>  2:  1 23* 
Condition  3:  11.64% 


Grip  Breadth;  Outside 

The  maximum  distance  across  the  most  protruding  joint  of  the 
thumb  and  middle  fingers  with  the  hand  grasping  and  completely 
enclosing  a  cone  at  the  largest  diameter  possible 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  minimum  size  of  apertures  to  be  entered  by  the  hand  while  grasp¬ 
ing  a  cylindrical  object 

2)  Minimum  clearance  required  beyond  the  range  of  movable  handles  to  accommodate 
the  hand 

DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  icoommodate  approximately  96%  of  USAF  rated 
peuoonel; 

BmtSandtd  UnprcssuriLtd  JVtMiirtmf 

4%  in*  4%  in.  5Vfe  in. 
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FINGER  TIP  SPREAD; 

DIGITS  2-3 


Subject ‘j  right  hand  is  extended, 
palm  down.  Subject  maximally 
spreads  digits  2  and  1  With 
sbding  caliper,  measure  the  dis¬ 
tance  in  he  region  of  the  finger¬ 
nail  from  the  thenar  side  of  digit 
2  to  the  hypothenar  side  of  digit  1 


Ik 


ANTNSOKMMETQIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  un pressurized  suit  b  t  barehanded. 
Condition  2;  Subject  wearing  un pressurized  suit  and  glove*. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  33  png 


Condition  1 


Coral it  ion  2 


Condition  d 


% 


9,27  cm;  365  in. 


S33  cm:  33d  in- 


731  cm;  299  in. 


SD: 

L57  on;  0  62  in. 

0.99  cm.  0.39  Ut. 

vv 

1059 

1139 

1.05  cm,  0.41  to. 

1198 


FINGER  TIP  SPREAD; 

DIGITS  2-3 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpreswrized  wit  hut  barehanded. 
Condition  2.  Subject  wearing  unpressurued  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  15  prig. 


Condition  I  Condition  2  Coalition  3 


Ctmlmrtm  FtrctnliUt 

JbcVj 

Cniimrtrrv 

trrttnldtt 

Itsthtl 

CmfnufrTt  Fmtmttltt 

/•diet 

11.95 

95  TH 

4.70 

9.72 

Sb  TH 

3.83 

9.01 

95  TH 

316 

1112 

90  TH 

4.54 

9.64 

90  TH 

3.8G 

8.73 

90  TH 

144 

11.12 

85  TH 

4.38 

9.54 

85  TH 

176 

8.52 

85  TH 

3.30 

1077 

80  TH 

4.24 

9.43 

fiO  TH 

3.71 

8.35 

80  TH 

129 

10.45 

75  TH 

4.12 

952 

75  TH 

367 

819 

75  TH 

3.23 

1017 

70  TH 

4.00 

9.19 

70  TO 

362 

80S 

70  TO 

3.17 

9.90 

85  TH 

190 

S.G? 

65  TH 

317 

7.91 

65  TO 

3.11 

9'd 

90  TH 

180 

8.94 

60  TH 

312 

7.77 

69  TH 

306 

941 

55  TH 

3.71 

880 

55  TH 

146 

7.63 

55  TK 

100 

9.18 

50  TH 

162 

8.60 

50  TH 

141 

7.49 

50  TO 

2.95 

898 

45  TH 

353 

851 

45  TH 

135 

7.35 

45  TH 

289 

8.75 

40  Tl* 

144 

835 

40  TH 

3.29 

7.21 

40  TH 

284 

853 

35  TH 

138 

818 

35  TH 

122 

708 

35  TH 

278 

832 

30  TH 

123 

801 

30  TH 

115 

690 

30  TH 

2.72 

810 

23  TH 

119 

7.81 

25  TH 

106 

6.75 

25  TH 

208 

7.68 

20  TH 

110 

7.60 

2D  TH 

2.99 

65S 

2D  TH 

210 

781 

15  TH 

300 

7.17 

15  TH 

2.90 

6.41 

15  TH 

252 

7.29 

10  Til 

1ST 

7.12 

10  TH 

2.  SO 

824 

10  TO 

246 

8.81 

5  TH 

2.63 

885 

5  TH 

2.70 

813 

5  TH 

242 

FcKfnlace  Prewase  e/  (hr 

InditmiusI  Di§r*cnert  (Avtro £rd) 
Cod<n«  !  u  b» 


Fetccniotit  Dfcrfcve  of  the 
M  cent 

Cwfc/iewa  I  Cl  Saar 

Condition  2:  7.96% 
Condition  3:  1699% 


Oxidtiion  2:  6  39% 
Condition  3:  17  00% 
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Finger  Tip  Spreod;  Digits  2-3 

The  greatest  distance  which  a  man  can  spread  his  index  and 
middle  fingers,  the  measured  distance  includes  the  two  finger  tip* 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Maximum  distance  between  two  push  buttons  designed  for  simultaneous  operation  by 
digits  2  and  3 

2)  Maximum  distance  between  two  toggle  switches  designed  for  simultaneous  operation 
by  digits  2  and  3 

3)  Maximum  distance  between  two  finger  rings  or  hooks  designed  for  simultaneous  opera¬ 
tion  by  digits  2  and  3 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95-  of  USAF  rated 
personnel: 


Barehanded  Unpressurized  Pressurized 

m  in.  2Vz  in.  2 Vi  in. 
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FINGER  TIP  SPREAD; 

DIGITS  2-4 


Subject’s  right  hand  is  extended, 
palm  down.  Subject  maximally 
spreads  digits  2  and  4.  With  slid¬ 
ing  caliper,  measure  the  distance 
in  thi-  region  of  the  fingernail 
from  the  thenar  side  of  digit  2 
to  the  hypo  the  nai  side  of  digit  4. 


ANTHROPOMETRIC  DATA  (N  =  2/) 

Condition  1:  Subject  wearing  unpretsuii/  ,-d  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  glove*. 
Condition  3:  Subject  wearing  suit  and  glove*  pressurized  to  35  prig. 


Condition  J 

Condition  2 

Condition  3 

X 

1253  cm;  4  86  in. 

11.78  on,  4.83  in. 

10.47  cm,  4.12  in. 

SD: 

1.63  cm.  0.64  in. 

1.27  cm.  050  in. 

1.08  cm,  0.42  in. 

V*: 

13.21 

10.81 

1029 
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FINGER  TIP  SPREAD; 

DIGITS  2-4 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wear  og  unpressurized  suit  but  barehanded. 
Condition  2  Subject  wearing  onpressurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Cmtimtiett  PereentUei 

Inchtt 

Ce»  hnrteri  Percentile* 

Inchet 

Cmtimeim  PtrantUet 

Inchet 

14  65 

95  TH 

5.77 

13.t>4 

95  TH 

5.37 

12257 

95  TH 

4.95 

14.60 

90  TH 

5.75 

1337 

90  TH 

5.26 

11.88 

90  TH 

4.68 

14.25 

85  TH 

5.61 

13.10 

85  TH 

5.18 

11.57 

85  TH 

4.56 

13.89 

80  TH 

5.47 

1288 

80  TH 

5.06 

11.38 

80  TH 

4.48 

1350 

75  TH 

5.34 

1204 

75  TH 

4.98 

11223 

75  TH 

4.42 

1.3  20 

70  TH 

5.22 

l.i.45 

70  TH 

4.90 

11.09 

70  TH 

4.37 

1299 

05  TH 

5.11 

12.28 

65  TH 

4.84 

10.98 

65  TH 

4.31 

12.75 

00  TH 

5.02 

12.  i2 

60  TH 

4.77 

1082 

00  TH 

4.20 

1254 

55  TH 

4.91 

11.0° 

55  TH 

4.71 

10.68 

55  TH 

4221 

1235 

50  TJ7 

4.86 

11.83 

50  TH 

4.68 

10253 

50  TH 

4.15 

1218 

45  TH 

480 

1169 

45  TH 

460 

1037 

45  TH 

4.00 

1203 

40  TH 

4.73 

11.55 

40  TH 

4.55 

10.20 

40  TH 

4.02 

11.88 

35  Til 

4.68 

11.41 

35  TH 

4  49 

1002 

35  TH 

394 

11  73 

30  TH 

4.62 

11.25 

30  TH 

4  43 

981 

30  T1I 

3.60 

1156 

25  TH 

455 

11.06 

25  TH 

436 

959 

25  TH 

3.78 

1135 

20  TH 

4.47 

1083 

20  TH 

4.27 

9.36 

20  TH 

368 

1104 

15  TH 

4.35 

1052 

15  TH 

4  14 

911 

15  TH 

359 

1040 

10  TH 

4.12 

10  02 

10  TH 

395 

887 

10  TH 

349 

896 

5  TH 

3.53 

895 

5  TH 

3.53 

8.83 

5  TH 

3.48 

Pm  rntace  Dec  rease  of  tht 
Individual  Diffcrencet  ( Averaged/ 

Conjukm  l  li  S*tt 

Condition  2:  -4  06% 
Condition  3:  13  ,05% 


Petcentacr  Decrease  of  the 
Meant 

Ccmrlaa*  I  u  Im 

Condition  2:  4.62% 
Condition  3.  15.09% 
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Finger  Tip  Spread;  Digits  2-4 

The  greatest  distance  which  a  man  can  spread  his  index  and 
ring  fingers;  the  measured  distance  includes  the  two  finger  tip* 


HUMAN  ENGINEERING  AWJCAT10NS 

For  —  1 )  Maximum  distance  between  two  push  buttons  designed  for  simultaneous  operation  by 
digits  2  and  4 

2)  Maximum  distance  between  two  toggle  switches  designed  for  simultaneous  operation 
by  digits  2  and  4 

3)  Maximum  distance  between  two  finger  rings  or  hooks  designed  for  simultaneous  opera¬ 
tion  by  digits  2  and  4 

DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95*  ot  USAF  rated 

personnel: 


Barehanded  Unprrtsurized  Pressurized 

3Vi  in.  3V^  in.  3Vi  in. 
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i 

I 

1 


Range  of  Values  for 

Finger  Tip  Spread;  Digits  2-4  per  Glove  Size 


65 


FINGER  TIP  SPREAD; 

DIGITS  2-5 


Subject’s  right  hand  is  extended, 
palm  down.  Subject  maximally 
spreads  digits  2  and  S.  With  slid* 
tag  caliper,  measure  the  distance 
in  the  region  of  the  fingernail 
from  the  thenar  side  of  digit  2 
to  the  hypothenar  side  of  digit  S. 


ANTHROPOMETRIC  DATA  <N  =  27’, 

Condition  1:  Subject  rearing  unprruurized  suit  but  barehanded. 
Condition  2.  Sub^t  wearing  unpresiurizcd  suit  and  gloves. 
Condition  1;  Subject  wearing  suit  and  gloves  pressurized  to  35  prig. 


Condition  1 


Condition  2 


Condition  3 


X 

16.13  cm;  6.35  in. 

15. 19  cm.  5.9Sin. 

SD: 

150  cm.  059  in. 

1.49  cm,  059  in. 

V%: 

952 

053 

13W  cm.  5. 13  in. 
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136  cm,  054  ia 
10.43 


FINGER  TIP  SPREAD; 

DIGITS  2> 5 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressuriaed  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressurued  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  psig. 


Condition  2 


CentimrlfTt  Pcrcmtdti 

/aches 

18.20 

96  TH 

7.16 

17.80 

90  711 

7.01 

17.52 

85  TH 

8.90 

17.30 

80  TH 

8.81 

17.11 

75  TH 

0.74 

10.94 

70  TH 

8.67 

18.78 

65  TH 

6.61 

16.62 

60  TH 

6.55 

10.-17 

55  TH 

6.49 

16.32 

50  TH 

6.42 

10.15 

45  TH 

0.38 

15.38 

40  TH 

629 

1580 

35  TH 

6222 

1558 

30  TH 

614 

1533 

25  TH 

604 

1502 

20  TH 

591 

1-162 

15  TH 

5.75 

14  00 

10  TH 

5.51 

12.85 

5  TH 

5.00 

Condition  2 


Centimeters  Percentiles 

Inch,, 

17.07 

95  TH 

6.72 

17.00 

90  TH 

6.69 

10.71 

65  TH 

0.58 

16.41 

80  TH 

6.46 

16.14 

75  TH 

6.38 

15.91 

70  TH 

027 

15.71 

65  TH 

6.19 

15.55 

60  TH 

6.12 

13.40 

55  TH 

606 

15.27 

50  TH 

001 

13.16 

45  TH 

597 

15.00 

40  TH 

5.93 

1496 

35  TH 

5.89 

14.81 

30  TH 

5.81 

1470 

25  T»1 

5.79 

14  49 

20  TH 

5.71 

14.14 

15  TH 

557 

13.42 

10  TH 

329 

11.52 

5  TH 

4213 

Conditions 


mttmettrs  Percentiles 

/aches 

15.40 

95  TH 

0.09 

14.07 

90  TH 

5.78 

14.35 

85  TH 

565 

14.10 

80  TH 

557 

14.00 

75  TH 

351 

13.88 

70  TH 

5.40 

13.72 

65  TH 

5.40 

1357 

60  TH 

5.34 

13.41 

55  TH 

5.28 

1323 

50  TH 

521 

13.03 

45  TH 

5.13 

12.81 

40  TH 

304 

12.57 

35  TH 

495 

1229 

30  TH 

4.04 

11.99 

25  TH 

4.72 

11.64 

20  TH 

458 

11.27 

15  TH 

444 

10.87 

10  TH 

4.28 

10.60 

5  TH 

4.17 

Pm  m/age  Decrease  of  the 
InJnridua!  Diffrrencft  (Ac<ra£cd) 

ComJukm  1 1  &ur 


Percentage  Decrease  of  the 
.Means 

Cmu/utsa  t  *t  Ua 


Condition  2:  5  62% 
Condition  3:  10SS* 


Condition  2:  5  S3* 
Condition  3:  13.16% 
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Finger  Tip  Speed;  Digits  2*5 

The  greatest  distance  which  a  man  can  spread  his  index  and 
little  fingers;  the  measured  distance  includes  the  two  finger  tips 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Maximum  distance  between  two  push  buttons  designed  for  simultaneous  operation  by 
digits  2  and  5 

2)  Maximum  distance  between  {wo  toggle  switches  designed  for  simultaneous  operation 
by  digits  2  and  5 

3)  Maximum  distance  between  two  finger  rings  or  hooks  designed  for  simultaneous  opera¬ 
tion  by  digits  2  acd  5 


DESIGN  CRITERIA 

Number  o(  inches  necessary  to  include  or  accommodate  approximately  05%  of  USAF  rated 
personnel: 


BarvKandtd 


Uapresiurizfd 


Prttxjriud 


5  in.  iVz  in. 


4  in. 
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X 


Range  of  Values  for 

Finger  Tip  Spread;  Digits  2-5  per  Glove  Size 

inch**  (cm) 

4.00  600  600  TOO  800 

(10.16)  (12.70)  (15  24)  (17.78)  (20.52) 


Subject  extends  his  right  hind 
end  spreads  all  five  digits  as  far 
apart  as  possible.  With  a  sliding 
or  beam  caliper,  measure  the 
maximum  spread  from  the  thumb 
tip  to  the  edge  of  the  fifth  digit. 


HAND  SPREAD; 

MAXIMUM 


I 

4 


J 


ANTMRQPOMETWC  OATA  (NS 37) 


Condition  l:  Subject  wearing  unpressurired  suit  but  barehanded 
CcTxlitton  &  Subject  wearing  unpreuuriaed  suit  and  v.sevea. 
Condition  3;  Subject  wearing  suit  and  gloves  pmsurued  to  2k5  psig. 


Condition  1 

Condition  2 

Conditions 

y 

21.53  cm,  8.47  in. 

19.4A  ers,  7.6 6  tn. 

17.02  cm.  8.70  in. 

SD: 

1-54  cm.  0.81  in. 

4a  -r  ,  059  ta. 

1-58  cm.  062ta 

W 

7.18 

7.98 

9J0 
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HAND  SPREAD; 

MAXIMUM 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpecssutizcd  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressum.ed  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  l  Condition  2  Condition  3 


Centimeter}  Percent  iUt 

Ik^ii 

Centien’ten  Percentile} 

ln.het 

Centimeter}  Percentile* 

Incite} 

24.01 

95  TH 

9.48 

21.63 

95  TH 

8.54 

19.48 

95  TH 

7.67 

23.67 

90  TH 

9.32 

21.27 

90  TH 

337 

19-22 

90  TH 

7-57 

23.32 

85  TH 

9.18 

21.03 

85  TH 

8.29 

1390 

85  TH 

7.44 

2300 

80  TH 

9.06 

20.64 

80  TH 

8.20 

1358 

80  TH 

7.31 

22.71 

75  TH 

8.94 

20.06 

75  TH 

8.13 

1327 

75  TH 

7.19 

22.4a 

TOTH 

384 

20.49 

70  TH 

8.07 

17.98 

70  TH 

7.08 

22.19 

65  TH 

8.74 

20.32 

05  TH 

300 

17.70 

65  TH 

8.97 

21.95 

60  TH 

864 

20.14 

80  TH 

7.93 

17.43 

80  TH 

0.08 

21.72 

55  TH 

855 

19.95 

55  TH 

7.85 

17.17 

55  TH 

6.76 

21.49 

50  TH 

8.48 

19.74 

50  TH 

7.77 

16.91 

50  TH 

6.66 

21.27 

45  TH 

8.37 

19.52 

45  TH 

789 

1688 

45  TH 

658 

21.05 

40  TH 

829 

19.29 

40  TH 

7.59 

1641 

40  TH 

6.49 

20.83 

35  TH 

320 

19  03 

35  TH 

7  49 

18.16 

35  TH 

636 

20.60 

30  TH 

311 

18.74 

30  TH 

7.38 

1591 

»  TH 

6.27 

2036 

25  TH 

8.02 

1343 

25  TH 

7.95 

15.66 

25  TH 

6.17 

20.10 

20  TH 

7.91 

18.08 

20  TH 

7.11 

15.40 

20  TH 

609 

19.31 

15  TH 

7.80 

17.64 

15  TH 

695 

15.13 

15  TH 

5.90 

19*5 

10  TH 

7.68 

17.15 

10  TH 

6.75 

14.83 

10  TH 

584 

1391 

5  TH 

755 

1058 

5  TH 

052 

14-50 

5  TK 

5.71 

Percent  ace  Decrease  of  the 
Individual  Difference}  (Avenged} 
C cpoifuua  J  m  tw 

Condition  2:  9.41% 

Coodi  tooJ  20.84% 


Percentage  Decrease  of  ike 
Steens 

Ce mJaim  1  «  Saw 

Condition  2:  9  01% 
Condition  5:  2095% 
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Hcnd  Spread;  Maximum 

The  maximum  distance  (width)  from  thumb  to  little  finger  of 
the  completely  spread  hand 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Detcrminatico  of  the  maximum  distance  between  buttons  or  controls  designed  to  be  acti¬ 
vated  simultaneously  by  the  thumb  and  little  finger 

2)  Determination  of  general  workspace  clearance  where  the  hand  will  operate  at  various 
degrees  of  spread  including  maximum 

DESIGN  OOTOUA 

Number  of  inches  onset  sary  to  include  or  accommodate  approximately  05%  of  USAF  rated 
personnel: 


Bareheaded 

fJnjnuuHud 

^U■uliIaf 

For  application 

m  in. 

6¥t  in. 

5Vz  in. 

For  application 

2 

9Vz  in* 

m  in. 

1%/a  m. 

72 


Range  of  Values  for 
Hand  Spread;  Maximum  per  Glove  S' 

IftClM*  («*) 


5  00  <.00  TOO  <00  9.00  • 

02.70)  0524)  11773)  (20.J2)  (2?.;a',  (29.40) 


BS 

1 

1 - 

T 

-•H 

• 

y— 

» — 

- 1 

c 

1 

>— < 

1  \ 

0 

_ 

t — 

h-4 

- — H 

e 

M 

M 

—  —4 

r 

1 - 1 

- 1 

- 1 

6 

* - 

- 

—4 

►~4 

--4 

M 

h 

— ( 

► 

►--4 

i 

K 

I - 1 

M 

- t 

j 

«• — * — 

► 

4 

V-4 

-4 

i 

> — 

t - < 

1 

L 

- -  BJWCKJK3C0 

- W>«HSSUBt2CD 

- PR15SVKI2C0 

\ - 

1 

- 4 

- -t 
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MAXIMUM  ROTATION; 

supi.ution 


Subject  extendi  hLi  right  hand 
and  grasps  the  knob  on  the  meas 
uring  instrument  between  his 
thumb  and  forefinger.  Subject 
then  rotates  the  knob  to  his  right, 
using  only  his  hand,  wnst,  and 
arm,  until  he  achieves  maximum 
supination  of  his  right  hand. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 

Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 

Condition  3:  Subject  .vearing  suit  and  gloves  pressurized  to  3J5  psi<t 

Conditions 

120.19* 
27.30* 
22.03 
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Condition  1  Condition  2 

X:  221.07*  183.52* 

SD:  33.03*  3503* 

V%:  14.90  18.58 


MAXIMUM  ROTATION; 

SUPINATION 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1.  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 


Degress 

Percentiles 

280.54 

95  TH 

264.10 

90  TH 

255.97 

85  TH 

250.34 

80  TH 

245.60 

75  TH 

241.28 

70  TH 

977.06 

65  TH 

232.82 

60  TH 

228.48 

55  TH 

223.89 

50  TH 

219.05 

45  TH 

213.94 

40  TH 

208.43 

35  TH 

202.49 

30  TH 

196.U8 

25  TH 

189.11 

20  TH 

181.70 

15  TH 

174.44 

10  TH 

170.82 

5  TH 

Condition  2 


Degrees 

Percentiles 

239.07 

95  TH 

237.50 

90  TH 

230.44 

85  TH 

222.86 

80  TH 

215.46 

75  TH 

208.56 

70  TH 

202.11 

65  TH 

196.13 

60  TH 

190.57 

55  TH 

185.34 

50  TH 

180.44 

45  TH 

175.87 

40  TH 

171.53 

35  TH 

167.38 

30  TH 

163.35 

25  TH 

159.27 

20  TH 

154.86 

15  TH 

149.08 

10  TH 

137.87 

5  TH 

Condition  3 
Degrees  PsrcentiUs 

151.27 
151.12 
147.89 
144.16 
140.35 
136.64 
133.00 
129.46 
126.00 
12253 
119.05 
11554 
111.87 
107.96 
103.67 
9860 
9254 
83.79 
67.68 


Percentage  Decrease  of  the 
l  ndiuidual  Difj  erences  (  Averaged ) 
Condition  I  4t  Base 


Percentage  Decrease  of  tke 
Means 

CondJim  l  at  B ese 


Condition  2:  14.81%  Condition  2:  14.96% 

Condition  3:  45.54%  Condition  3‘  45.78% 
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Maximum  Rotation;  Supination 

A  BKtsun  of  the  marina  mi  number  of  degree*  a  dial  or  object 
may  be  turned  dockwiae  with  a  tingle  turn,  without  oonadout 
dnulde?  movement 


HUMAN  BK54NEEONO  AHtiCATKJNS 

For  — 1)  Determination  at  the  maximum  of  degree*  a  rotary  twitch  may  be  turned 

dodrwim  with  one  movement 

2)  Determination  of  the  number  of  discreet  notions  by  the  operator  to  complete  a  talk 
involving  repetitive  rotary  motion,  Le,  tightening  s  bolt  or  screw 


DESIGN  CRITERIA 

Ncvnber  of  degrees  neoraaary  to  include  or  accommodate  approximately  85*  of  USAF  rated 
jenaowl: 


Barehanded  t/rpr*m«rir«d  TnmurUed 

nor  nr  6 r 
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Range  of  Values  for 

Maximum  Rotation;  Supination  per  Glove  Size 


0 


90 


too 


200 


290 


300 


'i 

I 

i 


MAXIMUM  ROTATION; 

PRONATION 


f) 


Subject  extends  his  right  hand 
and  grasps  the  knob  on  the  meas¬ 
uring  instrument  between  his 
thumb  and  forefinger.  Subject 
then  rotates  the  knob  to  his  left, 
using  his  hand,  wrist,  and  arm, 
until  he  achieves  maximum  pro- 
nation  of  his  right  hand. 


ANTHROPOMETRIC  DATA  (N=27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurizcd  suit  and  gloves. 
Condition  &  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 

Condition  2 

Condition  3 

T 

157.78* 

128.52* 

78.33* 

SD: 

23.75* 

28.18* 

20.37* 

V%: 

18.22 

21.93 

20.00 

78 
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MAXIMUM  ROTATION; 

PRONATION 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressijrizrd  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3-5  psig. 


Condition  1 


Detrtet 

Percentile* 

195.98 

95  TH 

183.05 

90  TH 

183.75 

85  TH 

179.24 

80  TH 

175.12 

75  TH 

171.29 

70  TH 

187.62 

65  TH 

161.07 

89  TH 

180  59 

55  TH 

157.10 

50  TH 

153.59 

45  TH 

150  07 

40  TH 

14844 

35  TH 

14289 

30  TH 

138  77 

25  TH 

134.80 

20  TH 

130.18 

15  TH 

125.37 

10  TH 

12052 

5  TH 

Cond‘tion2 


Degrtet 

Percent  lire 

17350 

95  TH 

183.62 

90  TH 

157.17 

85  TH 

15205 

80  TH 

147.50 

75  TH 

143.32 

70  TH 

139.32 

65  TH 

135.45 

60  TH 

13183 

55  TH 

127.7b 

50  TH 

*23.85 

45  TH 

119  88 

40  TH 

115.76 

35  TH 

111.45 

30  TH 

106  93 

25  TH 

102.12 

20  TH 

97.06 

15  TH 

91.78 

10  TH 

87.38 

5  TH 

Condition  3 

Decreet  FtromtiUt 

110.43  95 

108.43  90 

10312  85 

97.72  80 

92.64  75 

88.04  70 

83.87  65 

80.11  60 

78.76  55 

73.71  50 

71.00  45 

6880  40 

66.49  35 

64  63  30 

83.01  25 

81.55  20 

60.11  15 

58.07  10 

5289  5 


Percen'age  Decrease  of  the 
Individual  Difference/  ( Averaged ) 
Condukm  I  at  Rue 

Condition  2:  18.24% 
Condition  3  :  49.84% 


Percentage  Decrease  c f  the 
Meant 

Condition  I  u  But 

Condition  2:  13.54% 
Conditions:  50.35% 
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Maximum  Rotation;  Pronation 

A  measure  of  the  maximum  cumber  of  degrees  a  dial  or  object 
may  be  turned  counter-clockwise  with  a  (ingle  turn,  without 
amadous  (houlder  movement 


HUMAN  ENGINEERING  AmJCATTONS 

For— 1)  Determination  of  the  maximum  number  of  degrees  a  rotary  switch  may  be  turned 
counter-clockwise  with  one  movement 

2)  Determination  of  the  number  of  discreet  motions  by  the  operator  to  complete  a  task 
involving  rotary  motion,  i-e.,  tightening  a  bolt  or  screw 


DESIGN  OITBUA 

Number  of  degrees  necessary  to  include  or  accommodate  approximately  96%  of  USAF  rated 
personnel: 

Btrdsanded  UnpwturizcJ  Prtuuriztd 

120*  87*  52* 
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Range  of  Values  for 

Maximum  Rotation;  Pronation  per  Glove  Size 


fcyiii 

0  50  100  1 50  200  *90  300 


CLOVE  SIZE 

A 

4— 

4 — 

H 

— -4 

- - , 

1 

B 

m 

SB 

-1 

c 

i 

* — t 

i — » 

0 

i — 

- 4 

e 

» - 

L 

»-■ 

4 

••  H 

A 

r 

» - 

■4 

M 

B 

i — 

1 

►*"4 

M 

H 

M 

—4 

1 

4 - 

|gg 

— 4 

4 

( - 

B 

T 

i  t 

K 

mm 

3 

- BANE  4<  AMOCO 

- UHPNEMUNIXED 

- WtESSWBtZEO 

L 

_ tr 

h— 

4— 

- —4 

- 1 
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GRIP  STRENGTH 


Subject  grasps  the  S medley  Hand 
Dynomo meter,  fully  eztends  his 
right  arm,  and  squeezes  the  in¬ 
strument.  Recurding  is  talcen  from 
the  Instrument. 


FO*a  DATA  (N=27) 

Condition  1 :  Subject  wearing  unp'vssurized  suit  but  barehanded. 
Condition  1-  Subject  wearing  unpretsurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  15  prig. 


Condition  1 


Conditions 


Condition  3 


X  48.11kg,  105.841b. 

SD:  8.60  kg.  18.911b. 

\'%:  17  Si 


35.89  kg;  78.96  lb. 
6.40  kg;  14.091b. 
1754 


30.22  kg;  86.49  lb. 
4.77  kg,  10501b. 
15.79 
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GRiP  STRENGTH 


FORCE  data  expressed  as  percentiles 

Condition  1:  Subject  wearing  nnpressuriied  suit  but  barehanded. 
Condition  1  Subject  wearing  unpressurued  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  psig. 


Condition  I 

Kilogram* 

PrccmtiU* 

Pound* 

58.31 

95  TH 

128.28 

57.73 

90  TH 

m.oo 

55.99 

85  TH 

123.19 

54.29 

89  TH 

119.45 

52.75 

75  TH 

118.00 

51.41 

70  TH 

113.11 

50.24 

65  TH 

110.54 

49.23 

80  TH 

108.31 

48-38 

55  TH 

100.38 

47.58 

50  TH 

104.68 

46.90 

45  YH 

103.18 

46.29 

40  TH 

101.83 

45.70 

X*  TH 

10051 

4509 

30  TH 

99  20 

44.38 

25  TH 

97.05 

43.41 

20  TH 

95.51 

41.88 

15  TH 

9208 

38.77 

10  TH 

85  29 

3050 

5  TH 

07.10 

Condition  2 

Kilogram 

ftrcertiUt 

Pound* 

48.32 

95  TH 

106.30 

44.42 

90  TH 

97.72 

42.33 

85  TH 

93.13 

40.90 

80  TH 

89.97 

39.75 

75  TH 

87.45 

38.77 

70  TH 

85.30 

37.89 

63  TH 

83  37 

37.07 

60  TH 

81.56 

30.29 

55  TH 

79.34 

35.52 

50  TH 

78.14 

34.74 

45  TH 

76.43 

33.96 

40  TH 

74.72 

33.19 

35  TH 

72.95 

323?. 

30  TH 

71.11 

31.45 

25  TH 

6918 

3051 

20  TH 

67.13 

2954 

15  TH 

64.99 

28.54 

10  TH 

6179 

27.85 

5  TH 

6117 

Conditions 

Kilogrmnu 

PtreeutiU* 

Pound* 

36.74 

95  TH 

80.82 

35.73 

90  TH 

78.00 

34.82 

85  TH 

70.00 

34.06 

80  TH 

74.92 

03.40 

75  TH 

73.47 

3182 

70  TH 

7121 

3131 

65  TH 

71.07 

31.83 

60  TO 

70.03 

31.39 

55  TH 

69.00 

30.96 

50  TH 

08.10 

3052 

45  TH 

67.14 

30.07 

40  TH 

6618 

295S 

35  TH 

6508 

29.02 

30  TH 

63.84 

28.33 

25  TH 

»>132 

27.42 

20  TO 

0032 

2fi.ll 

15  TH 

57.44 

23.90 

10  TO 

5158 

19.06 

S  TO 

41.90 

Percentage  Decrease  of  the 
Individual  Differences  (Averaged) 
Condition  1  at  Bex 

Condition  2:  24.69* 
Condition  3:  36.48* 


Percentage  Decrease  of  the 
Means 

Condition  I  •» 

Condition  2.  25.40* 
Condition  3:  37.19* 


S3 


Grip  Strength 

A  ocuun  of  a  men's  oot  vaadod  grip  strength,  while  tea  ted  and 
with  arm  outstretched,  taken  on  a  comnwially  available  band 
dynamometer 


HUMAN  ENdNEBUNO  AFFIXATIONS 

F'V  —  1)  Determination  of  the  amount  of  farce  loading  on  double-handled  squeeze  controls 

2)  limits  of  a  mans  hand  to  hold  onto  something  against  a  farce 

3)  Can  be  used  with  the  coefficient  cd  friction  at  the  grasped  surface 

Note:  The  impedance  of  the  pressurized  gloves  in  fitting  the  hand  into  the  handle  of 
the  dynamometer  elected  performance 

DESIGN  CUTHUA 

Number  of  pounds  oaoeaaaiy  to  include  or  accommodate  approximately  96%  of  USAF  rated 
pommel: 


For  applicatioM 
1.2.3 

For  applicatkei 
3 


Barehanded 

UnprutuHted 

Niaidmf 

67  lb* 

61  lb. 

41  lb. 

129  lb. 

107  lb. 

81  lb. 

64 


Range  of  Values  for 
Grip  Strength  per  Glove  Size 

50  79  100  129  190  rTB 

(22.23)  (94.09)  (43.43)  (36.82)  (68.18)  (76.66) 


23 
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MAXIMUM  TORQUE; 


SUPINATION 


Subject  grasp*  the  met*]  handle 
with  the  thank  between  digit!  2 
and  3.  His  thumb  touches  the 
finger  tips.  On  signal,  the  tubject 
neitt  hit  maximum  effort  in  turn¬ 
ing  the  handle  to  hit  right.  Read¬ 
ing  it  taken  from  memory  device 
on  the  torque  wrench. 


TOCQU*  DATA  (Ns 37) 

Condition  1:  Subject  wearing  unprruurued  tuit  but  barehanded. 
Condition  2.  Subject  wearing  ua press umed  tuit  and  glovoa 
Condition  3k  Subject  wearing  tuit  and  glove*  pressurized  to  3J5  prig. 


Co mditicml 


Conditions 


T 

SD: 

W 


121  «in.-Ib. 
30.12  tn.-lb 
£4.79 


119  44  in-lb 
£4.14  in.  4b. 
2105 


Conditions 


88 


9S  83  in-lb 
2&.90  in. -lb 
30.10 


MAXIMUM  TORQUE; 

SUPINATION 


TORQUE  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unprrssumcd  tuit  but  barehanded. 
Condition  2;  Subject  wearing  unpressurized  tuit  and  gloves. 
Cooditum  3.  Subject  wearing  suit  and  gloves  pressurized  to  15  psig. 


Condition  1 


Condition  2 


Condition  3 


JaeWeW. 

femnailM 

lneK-foumdt 

tfrcntitln 

.•ck-fcvnit 

178.95 

95  TH 

151.38 

85  T1I 

142.00 

15931 

GO  TH 

14721 

90  TH 

14038 

149.29 

85  TH 

143.59 

85  TH 

138  09 

H2.49 

80  TH 

140  20 

80  TH 

1)050 

137.17 

75  TH 

137.04 

75  TH 

11075 

132.69 

70  TH 

13390 

70  TH 

11975 

128  67 

65  TH 

130.78 

65  TH 

101.75 

124.92 

OO  TH 

127.63 

60  TH 

9050 

12133 

55  TH 

124.49 

55  TH 

8113 

117.70 

50  TH 

12123 

50  TH 

8075 

11416 

45  TH 

117.87 

45  >H 

81.97 

11050 

40  TH 

114  40 

40  TH 

81  13 

100  62 

35  TH 

110.73 

35  TH 

80.28 

10290 

30  TH 

100  83 

30  TH 

79  44 

9079 

25  TH 

102.53 

25  TH 

7059 

94  44 

20  TH 

9800 

20  TH 

T7.75 

8094 

15  TH 

82.68 

15  TH 

67.75 

5552 

10  TH 

80  SS 

10  TH 

6033 

5330 

5  TH 

79.85 

5  TK 

5000 

Ptrcmte£f  fnreease/Drrreaie  oj  ikt 
Individual  Dt£ertn£ci(Ao**a£ed) 

Condition  2.:  0.27%  ii^rraie 
Condition  3:  1954%  decrease 


FmrmSr^f  Dears*  of  tht 
W«M# 

Condition  2:  2  6S% 
Conch  two  3:  21.03% 


wS5B£g&!£fi;S8i8S!b4  388883 


Maximum  Torque;  Supination 

The  number  erf  inch-pound*  a  man  can  record  on  a  torque  wrench 
by  jpaapiag  and  turning  to  hi*  right  (palma  up)  an  attached 
T-bax  rod  handle 


HOMOJ  Dece&S£94G  AFFIXATIONS 

For—  1}  DeCirmimlion  of  the  marimuan  rattaianen  alkrwibm  on  a  rotary  roitch 
£)  Determination  of  the  ojazimum  “nrtpe  for  bokr,  fntsrsi,  at  e. 

3)  Limitation  erf  mans  capacity  for  tntjoe  around  as  axh  in  or  near  hit  forearm 


DESIGN  CWraBA 

Ncrahor  erf  inefe-potiodj  torque  aaomeary  to  todbdo  or  ancnronsxiatc  appradiDateiy  05%  orf  I1SAF 
Ktod  ptraeori; 


For  arphe-tiane 

XS.3 

For  applkatkn 
3 


33%  ilLrlb. 

179  inAb. 


Uaprt'aaarieed 

79%  iiL,4h. 
151%  in%k 


Fnaswriiad 

53  irivlb, 
142%  mAh . 


as 


Range  of  Values  for 

Maximum  Totquo;  Supination  per  Giovo  Size 


SB 


MAXIMUM  TORQUE; 

PRONATION 


Subject  gra*p*  the  metal  handle 
with  the  thank  between  digit*  2 
and  3.  Hit  thumb  touche*  the 
finger  tip).  On  tignal,  jubject  ex¬ 
ert*  hit  maximum  effort  ir.  turn¬ 
ing  the  handle  to  hi*  left.  Read¬ 
ing  it  taken  from  memory  device 
on  torque  wrench. 


! 


TORQUE  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unprv**urized  ruit  but  barehanded. 
Condition  2;  Subject  wearing  unpceMurized  »uit  and  glove*. 
Condition  3:  Subject  wearing  *uit  and  glove*  preasurized  to  3.5  p»ig. 


Condition  1 

Condition  3 

Condition  3 

X: 

153. S)  In. -lb. 

161.48  Ia-lb. 

151.30  in-lb. 

SD- 

45.02  in.  lb. 

4759  ia-lb. 

49.94  in. -lb. 

VV 

29.25 

29.47 

33.01 

90 


MAXIMUM  TORQUE; 

HtONAHON 


"j  © 

b^~ 


TORQUE  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  un  pressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  ptrfg. 


Condition  1  Condition  2  Conditions 


tnck-Poundi 

PtrvntiU* 

tnch-Poundi 

PtrcentiUi 

Imck-fcrmdi 

TtrcentiUt 

222.90 

95  TH 

25200 

95  TH 

244.88 

95  TH 

203.80 

90  TH 

213.01 

90  TH 

205.27 

90  TH 

193.19 

85  TH 

195.49 

85  TH 

185.30 

85  TH 

185.48 

80  TH 

185.38 

80  TH 

173.05 

80  TH 

178.99 

75  TH 

178.49 

75  TH 

104.04 

75  TH 

173.19 

70  TH 

173.38 

70  TH 

15854 

70  TH 

107.73 

65  TH 

109.19 

65  TH 

154.17 

65  TH 

162.45 

60  TH 

10554 

60  TH 

I50.7e 

00  TH 

157.20 

55  TH 

16214 

55  TH 

14810 

55  TH 

15199 

50  TH 

158.75 

50  TH 

145.89 

50  TH 

140.62 

45  TH 

155-24 

45  TH 

14899 

45  TH 

141.14 

40  TH 

151.50 

40  TH 

14223 

40  TH 

135.44 

35  TH 

147.33 

35  TH  ' 

14058 

35  TH 

129  40 

30  TH 

14254 

30  TH 

13817 

30  TH 

123.19 

25  TH 

130.92 

25  TH 

13555 

25  TH 

110.58 

20  TH 

130.00 

20  TH 

130.91 

20  TH 

109  82 

15  TH 

121.46 

15  TH 

12890 

15  TH 

103.32 

10  TH 

108.79 

10  TH 

1 10.74 

10  TH 

100.44 

5  TH 

9249 

5  TH 

7952 

5  TH 

Percentage  Increase  of  the 
Individual  Difjercncet  (Averaged) 

ComdUkm  I  Cl 


Percentage  I  norcose/ Decrease  of  tke 
Meant 

Condition  l  at  tut 

Condition  2:  4.93%  inarase 
Condition  3:  1.68%  decrease 


PI 


Condition  2:  0.33% 
Condition  3:  053% 


Maximum  Torque;  Pronation 

The  number  of  inch-pounds  a  man  can  record  on  a  torque  wrench 
by  grasping  and  turning  an  attached  vertical  rod  to  his  left  ( palm 
down) 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Determination  of  the  maximum  resistance  allowable  on  a  rotary  switch 

2)  Determination  of  the  naximum  torque  for  hand  tightened  bolts,  fasteners,  etc. 

3)  Limitation  of  man’s  capacity  for  torque  around  an  axis  in  or  near  his  forearm 

DESIGN  CRITERIA 

Number  of  inch-pounds  torque  necessary  to  include  or  accommodate  approximately  85*  of  USAF 
rated  personnel; 


Barehanded 

Unpreiwriied 

Pressurized 

For  a  Li  cations 

100  in.-lb. 

92  in.-lb. 

79  in.-lb. 

For  application 

3 

223  in.-lb* 

253  in.-lb. 

245  in.-lb. 

02 


Range  of  Values  for 

Maximum  Torque;  Pronation  per  Glove  Size 


HAND  CLEARANCE  AROUND  KNOB; 

H7POTHENAA 


Subject  extendi  hit  right  hand 
and  grasps  the  knob  on  the  meas- 
uring  instrument  between  hi* 
thumb  and  forefinger.  The  knob 
indicator  points  up  to  zero.  Using 
a  vertical  wooden  block,  measure 
from  the  knob  oenteT  to  the  most 
protrusive  point  cn  the  hypo»h- 
enar  surface  of  the  hand. 


ANTH80POMETEJC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpmsurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3-5  paig. 


Condition  1 

Condition  2 

Conditions 

X 

0.73  cm;  2.65  in. 

8  26  cm;  3.25  in. 

8.47  cm;  373  in. 

SD: 

1-03  cm,  0.41  its. 

0.83  cm;  0.33  in. 

1.01  cin;  0.40  in. 

w 

15-33 

10.03 

10.® 

at 


HAND  CLEARANCE  AROUND  KNOB; 

HYPOTHENAfi 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  su:t  and  gloves  pressurized  to  3-5  psig. 


Condition  1  Condition  2  Condition  3 


Cmtim* Utw  PirotnliUt 

incAu 

Centimels rt  Percentiles 

Inches 

Centimeters  Percentiles 

Inches 

8.82 

S5  TH 

3.39 

9.48 

95  TH 

3.73 

10.98 

95  TH 

4.32 

8.00 

90  TH 

3.19 

8.23 

90  TH 

3.63 

10.69 

90  TH 

4.21 

7.76 

85  TO 

3.05 

9.09 

85  TH 

3.58 

1051 

85  TH 

4.14 

152 

80  TO 

2.90 

8.97 

80  TH 

3.53 

10.37 

80  TH 

4.03 

7.33 

75  TO 

2.89 

8.87 

75  TH 

3.49 

10.25 

75  TH 

4.03 

7.18 

70  TO 

2.83 

8.70 

70  TH 

3.45 

10.13 

70  TH 

3.99 

7.00 

65  TO 

2.78 

8.66 

65  TH 

3.41 

10.01 

65  TH 

3.94 

6.95 

00  TO 

2.74 

850 

60  TH 

3.37 

9.89 

60  TH 

3.89 

6.85 

55  TH 

2.70 

8.45 

55  TH 

3.33 

9.77 

55  TH 

3.85 

6.70 

50  TO 

206 

8.34 

50  TH 

3.28 

9.65 

50  TH 

3.80 

6.67 

45  TO 

263 

8.23 

45  TO 

324 

9.52 

45  TH 

275 

059 

40  TO 

258 

8.10 

40  TO 

3.19 

9.38 

40  TH 

200 

6.49 

35  TH 

256 

7.97 

35  TO 

3.14 

9.22 

35  TH 

263 

6.38 

30  TO 

251 

7.83 

30  TH 

308 

900 

30  TH 

257 

0.25 

25  TH 

240 

7.68 

25  TH 

3.02 

8.87 

25  TH 

3.49 

008 

20  TO 

239 

751 

20  TH 

296 

8.65 

20  TO 

3.41 

5.62 

15  TO 

229 

7.34 

15  TH 

289 

840 

15  TO 

231 

5.77 

10  TH 

211 

7.15 

10  TH 

281 

8.07 

10  TH 

218 

45d 

'  TH 

1.72 

7.01 

5  TH 

270 

7.62 

5  TO 

200 

Percentage  increase  of  the 
Individual  Differences  ( Averaged) 

CosdMiom  1  es  test 


Percentage  Increase  of  the 
Means 

Ccmdi/km  I  ns  Hu* 


Condition  2:  24  70% 
QwvLtiao  3:  44.33* 


Condition  2:  22.73* 
Condttio~  3:  40.71* 


(HUMAN  ENGINEERING  APPLICATIONS  ANT*  DESIGN  CRITERIA  ON  P.  100) 


VS 


HAND  CLEARANCE  AROUND  KNC3; 


PALMAR 


Subject  extendi  hi*  right  hand  > 
and  grasps  the  knob  on  the  meas¬ 
uring  instrument  between  his 
thumb  and  forefinger  The  knob 
is  rotated  90  degrees  from  zero  to 
the  subject's  right.  Using  a  v«-  v 
ticaJ  wooden  block,  measure  from  t 
the  knob  center  to  the  most  pro-  ' 
trusive  point  on  the  palmar  side  j 
of  the  hand.  I 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpcexsuriied  suit  but  barehanded. 
Condition  2:  Subject  wearing  impress unrec  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  press  rixed  to  15  psig. 


Condition  J 

Condition  2 

Condition  3 

X 

4,05  cm,  1.60  in. 

4  41  cm.  1.74  in. 

4.51  cm.  1.78  ia. 

SD: 

0.74  cm,  0  29  in 

0.81  cm,  032  in. 

0.64  cm,  0.37  in. 

w 

IS.  19 

18.30 

20.70 

66 


HAND  CLEARANCE  AROUND  KNOB; 

PALMAR 


anthropometric  data  expressed  as  percentiles 

Condition  1.  Subject  wearing  unpiessurired  suit  but  barehanded. 
Condition  2.  Subject  wearing  on  presumed  suit  and  glove*, 
rvind.nnn  3:  Subject  wearing  *uit  and  glove*  pressurized  to  35  p*ig- 


Condition  1 

Condition  2 

Condition  3 

Cntfnwtm  PtrttnliUi 

1+chfi  Ctnttmetrrt  Frrcntdci 

iarttir* 

CnlMni  FrrftrlFri 

IkIui 

5.34 

95  TH 

210 

5.70 

95  TH 

224 

6.32 

95  TH 

249 

5.19 

90  TH 

201 

540 

90  TH 

213 

5.90 

90  TH 

232 

4.95 

85  TH 

1.95 

5.15 

85  TH 

2.03 

5.60 

85  TH 

9  7T> 

4.73 

80  TH 

1.86 

4.91 

80  TH 

1.95 

5.36 

80  TH 

211 

4.53 

75  TH 

1.78 

4.77 

75  TH 

1.83 

5.15 

75  TH 

203 

4.36 

70  TH 

1.72 

463 

70  TH 

1.62 

4.96 

70  TH 

1.95 

4.20 

65  TH 

1.65 

451 

65  TH 

1.77 

4.79 

65  TH 

1.69 

406 

00  TH 

1.00 

441 

60  TH 

1.74 

4.64 

60  TH 

1.82 

3.94 

55  TH 

1.55 

4.32 

55  TH 

1.70 

4.49 

5”>  TH 

1.77 

3.63 

50  TH 

1.51 

4.25 

50  TH 

1.67 

435 

50  TH 

1.71 

3.74 

45  TH 

1.47 

4.  IS 

45  TH 

165 

4.22 

45  TH 

1.96 

3.09 

40  TH 

1.44 

413 

<0  TH 

193 

4.09 

40  Ti! 

1.61 

3.59 

35  TH 

1.41 

409 

35  TH 

1.61 

399 

35  TH 

156 

3A3 

30  TH 

1.39 

4.05 

30  TH 

1.59 

3.54 

39  TH 

151 

3.49 

25  TH 

137 

4.01 

25  TH 

1.58 

3.73 

25  TH 

1.47 

3.44 

S3  TH 

135 

3S6 

20  TH 

1.56 

3.62 

20  TH 

1.42 

339 

15  TH 

134 

3.89 

15  TH 

1.53 

351 

15  TH 

13Q 

3.33 

10  TH 

1.31 

375 

10  TH 

148 

3.43 

10  TH 

135 

3.13 

5  TH 

123 

335 

5  TH 

132 

241 

5  TH 

134 

Perctntag 

t  Incrfiue  of  thf 

ter<«nSage  IncrrcM  of  tA» 

I ndWtdud  Dtgtrrncfi  ( Aw mged) 

Cemdekut  i  *i  ft at 

Conditoa  t  -* 

Condition  2:  10  32<- 

Condition  2: 

883* 

Condition  15  04% 

CoTulibOc  1:  11 

(HUMAN  ENGINEERING  APPLICATIONS  AND  DESIGN  CRITERIA  ON  P.  100) 


HAND  CLEARANCE  AROUND  KN03; 

SUfINATH)  HAND 


Subject  extendi  lit*  right  hmnd 
mod  g/orpi  the  knob  on  the  meas¬ 
uring  instrument  between  hi* 
thumb  mad  forefinger.  The  knob 
i*  routed  180  degree*  from  zero 
to  the  subject!  right.  Using  ver¬ 
tical  wooden  blocks,  measure  from 
the  most  protninve  point  on  the 
h>potheumr  lido  to  the  mart  pro¬ 
trusive  porut  oa  the  thenar  tide 
of  tire  fupinsted  hand. 


ANTHCOPOMETRiC  DATA  {N  =  27} 

Condition  1:  Subject  wearing  impcec  urized  rutt  but  hirehanded. 
Coolitkn  2;  Subject  wetting  unpeeuurtzed  suit  and  glove*. 
Condition  3  Subject  wearing  uut  and  glove*  pressurized  to  X5  psig. 


ConriiipH  1 

Condi/itXi  3 

ComdH'  m3 

X: 

10  20  cm.  4.01  In. 

1 1 .20  cm.  4  43  ;n. 

11S3  era.  4  59  in 

SD: 

0  90  cm,  031  In. 

0.63  cm,  OiiS  in. 

080  cm,  031  in. 

W 

1M 

5  01 

0£2 

06 


HAND  CLEARANCE  AROUND  KNC3; 


fi? 

5UP1MATID  HAND 


ANTHEOPOMETOIC  DATA  EXPRESSED  AS  PE2CENTUJE5 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  urpressurized  suit  and  gloves. 
Condition  3-  Subject  wearing  wit  and  gloves  pressurized  to  15  psig. 


Condition!  Condition  2  Condition  3 


Cwhm^isr t  FtrormtUm 

ImcKn 

Cnwimrtrrr  PenentiUt 

Inches 

CtnrtmstiF*  FeranUiUi 

IncKa 

11.12 

95  TH 

458 

1213 

95  TH 

4.60 

1305 

95  TH 

5.14 

11.06 

90  TH 

455 

1219 

90  TH 

4.80 

11S0 

90  TH 

5.04 

11.00 

85  TH 

413 

1203 

85  TH 

4.73 

.'257 

85  TH 

495 

1035 

80  TH 

431 

11.83 

80  TH 

468 

1237 

60  TH 

487 

10.S0 

75  TH 

429 

11.75 

75  TH 

4.63 

1216 

75  TH 

4.80 

10.79 

70  TH 

425 

1163 

70  TH 

418 

12.02 

70  TH 

4.73 

1068 

65  TH 

420 

1112 

65  TH 

4.54 

11.87 

65  TH 

407 

1053 

00  TH 

415 

11.43 

60  TH 

4.50 

11.74 

00  TH 

4.62 

10.37 

55  TH 

406 

1133 

55  TH 

4.40 

11.01 

55  TH 

4-57 

1025 

50  TH 

404 

11.25 

50  TH 

4.43 

11.49 

50  TH 

4-52 

10.14 

45  TH 

398 

11.17 

45  TH 

4.40 

11-33 

45  TH 

448 

1006 

40  TH 

109 

1100 

40  TH 

437 

1127 

40  TH 

444 

e.sr r 

35  TH 

293 

1102 

35  TH 

434 

11.17 

35  TH 

440 

6.80 

30  711 

139 

1095 

30  TH 

411 

11.08 

30  TH 

4.38 

958 

25  TH 

177 

1053 

25  TH 

i  28 

1096 

£5  TH 

4.33 

052 

20  TH 

175 

1080 

20  TH 

425 

1091 

20  TH 

4.30 

9.  <7 

15  TH 

173 

10.72 

15  TH 

422 

10.84 

15  TH 

427 

941 

10  TH 

170 

ioai 

10  TH 

418 

IQ’S 

10  TH 

424 

847 

5  TH 

133 

1042 

5  TH 

410 

10.74 

5  TH 

423 

Percentage  fncnoztt  of  the 
Individual  Difference*  (Averaged) 
C i— nfri—  1  a*  Bern 


Percentage  f  ncrecse  of  the 
ifesu 

Cmdevm  J  tt  Sem 


CbodifkviS:  loot* 
Cooditioo  3:  15  <&% 


Condition  2.  10-39% 
Condition  3:  14.02% 


(HUMAN  ENCINEERINC  APPLXATJON5  AND  DEMON  CHiTOUA  ON  P.  100) 


90 


ABC 


Hand  Clearanco  Around  Knob 

Three  dimension!  taken  to  measure  the  spatial  requirements  of 
the  liand  while  grasping  a  rotary  knob  turned  to  various  positions 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Use  A  to  determine  the  minimum  clearance  to  the  user’*  right  for  a  rotary  knob 

2)  Use  A  and  B  to  determine  the  minimum  clearance  on  both  sides  or  the  radius  of  mini¬ 
mum  clearance  around  a  rotary  knob  designed  to  turn  90  degrees 

3)  Use  A  and  C  to  determine  the  minimum  clearance  on  both  sides  or  the  diameter  of  mini¬ 
mum  clearance  around  a  rotary  knob  designed  to  turn  180  degrees 

DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded 

Unpreuurized 

Premirized 

A 

m  in. 

3  3/4  in. 

4V2  in. 

B 

2V4  in. 

2  Vi  in. 

2Vfc  in. 

C 

iVz  in. 

5  in. 

5 Vi  in. 

100 


(tango  of  Values  for 

Hand  Clearance  Around  Knob;  Palmar,  per  Glove  Size 

lACh*«  (cm) 

100  ISO  2.00  2  50  300 

(2.M)  (3.81)  (5.08)  (0.55)  (7.S2I 


Range  of  Values  for  Hand  Clearance 
Around  Knob;  Supinated  Hand  per  Glove  Size 

Mm  (cut) 

3.00  3.30  4.00  4.30  3.00  5.30 

( 7.62)  (8  89)  (10.16)  (11.43)  (12.70)  (12*7) 


HAND  SPREAD  ACROSS  WEDGE-1; 

DISTAL  JOINT  OF  DIGIT  1  TO  DISTAL 
JOINT  OF  DIGIT  2 


Subject  place*  his  right  hand  on 
the  measuring  wedge  so  that  the 
distal  joint  of  his  thumb  is  on  the 
right  edge  of  the  wedge  and  the 
distal  joint  of  digit  2  is  on  the  left 
edge  of  the  wedge.  Subject  slide* 
his  hand  down  the  sides  of  the 
wedge  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edges.  Reading  is  taken  at 
the  last  Vi  inch  line  completely 
cleared. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  hr  re handed. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  glove*  pressurized  to  3J3  psig. 


Condition  l 

Condition  2 

Condition  3 

% 

12.42  cm;  4.89  in. 

10.37  cm;  4.08  in. 

8.89  cm;  350  in. 

SD: 

1.41  cm;  0.55  In. 

1.27  cm;  050  in. 

1.27  cm;  050  in. 

VV 

1134 

12-24 

1455) 
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H 


HAND  SPREAD  ACROSS  WEDGE-1 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unprcssurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  glovej. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Centimeters  Percent  lies 

Inches 

Centimeters  Percentiles 

Inches 

Centimeters  Percentiles 

Inches 

H.65 

95  TH 

5.77 

1240 

95  TH 

4.88 

1138 

95  TH 

4.44 

14.39 

90  TH 

5.67 

1224 

90  TH 

4.82 

10.44 

90  TH 

4.11 

14.02 

85  TH 

552 

11.85 

85  TH 

4.70 

10.10 

85  TH 

3.97 

1368 

80  TH 

538 

11.65 

80  TH 

459 

9.89 

SO  TH 

289 

1336 

75  TH 

5.28 

11.38 

75  TH 

4.48 

9.73 

73  TH 

3.83 

1308 

70  TH 

5.15 

11.12 

70  TH 

4.38 

959 

70  TH 

3.78 

12.83 

65  TH 

5.05 

10.88 

65  TH 

'1.28 

9.45 

65  TH 

3.72 

12.61 

00  TH 

4.96 

10.65 

6G  TH 

4.19 

9.31 

60  TH 

3.67 

12.40 

55  TH 

4.88 

’0.44 

55  TH 

4.11 

9.18 

55  TH 

3.81 

1322 

50  TH 

4.81 

10.24 

50  TH 

4.03 

9.00 

50  TH 

354 

12.05 

45  TH 

4.74 

10.05 

45  TH 

3.96 

8.82 

45  TH 

147 

11.89 

40  TH 

4.38 

9.87 

40  TH 

3.88 

8.63 

40  TH 

140 

11.74 

35  TH 

4.62 

9.69 

35  TH 

3.82 

8.41 

35  TH 

131 

1158 

30  TH 

456 

9.53 

30  TH 

3.75 

a  18 

30  TH 

3.22 

11.44 

25  TH 

450 

9.37 

25  TH 

3.69 

7.92 

25  TH 

3.12 

1138 

20  TH 

4.43 

9.21 

20  TH 

3.62 

7.63 

20  TH 

3.00 

11.04 

15  TH 

4.35 

9.04 

15  TH 

3.56 

7.33 

15  TH 

289 

10.68 

10  TH 

4.20 

885 

10  TH 

3.49 

7.05 

10  TH 

278 

9.83 

5  TH 

3.87 

8.57 

5  TH 

3.37 

7.01 

5  TH 

278 

Percentage  Decrease  of  the 
Individual  Differences  (Averaged) 
Condltkes  1  as  Bate 


Percentage  Decrease  of  the 
Means 

Condition  1  as  Bern 


Condition  2:  If  2d* 
Condition  3:  28.09* 


Condition  2:  1851* 
Condition  3:  28.42* 


Across  Wedge >1 


Distal  joint  of  digit  1  to  distal  joint  of  digit  2  —  A  measure  of  the 
gripping  spread  between  the  last  or  outer  segments  of  the  thumb 
and  index  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  -  i )  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these 
two  segments  of  ♦‘•c  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded  UnjHtuurizsd 

33/4  in.  3  Vi  in. 


PreuuHced 

2%  in. 
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(tonga  of  Values  for 

Hand  Spread  Across  Wedge-1  per  Glove  Size 


loctot  (em) 

2.60  3.50  4.60  5.5C  6.50 

i6.35)  (8.89)  (11.43)  (13.97)  (16.51) 
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HAND  SPREAD  ACROSS  WEDCE-2; 

DISTAL  JOINT  OF  DIGIT  1  TO  DISTAL 
JOINT  OF  DKMT  3 


Subject  place*  hi*  right  hand  on 
die  measuring  wedge  so  that  the 
distal  joint  of  hi*  thumb  is  on  the 
right  edge  of  the  wedge  and  *b», 
distal  joint  of  digit  3  is  on  the  left 
edge  of  the  wedge.  Subject  slides 
his  hand  down  the  sides  of  the 
wedge  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edge*.  Reading  is  taken  at 
the  but  \k  inch  line  completely 
dee  red. 


AWTWOPOMFIWC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  un pressurized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  glove*  pressurized  Co  33  prig. 


Condition  J 

Condition  3 

Condition  3 

X 

1438  an.  5.74  in. 

L2-23au;  4.81  in. 

10.02  an;  3.04  iu. 

SD: 

1.48  an;  038  in. 

130  cm;  031  in. 

1.46  cm;  037  in. 

V%: 

10.16 

1063 

1437 
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HAND  SPREAD  ACROSS  WEDGE-2 


ANTKROPOMmilC  DATA  EXPCI5SED  AS  PKCINTHES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 


Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  35  prig 


Condition!  Conditions 


Cntimlitrl  ftrctnlilet 

lac&a 

Cmitmmmi 

tercet* lU* 

Indue 

Ceet'eneten 

Peecrnm iw 

lathee 

iaio 

95  TH 

7.13 

1422 

96  TH 

5.00 

1219 

96  TH 

450 

16.82 

90  TH 

e.es 

14.13 

90  TH 

556 

1L97 

90  TH 

4.71 

16.07 

85  TH 

6-33 

1180 

85  TH 

5.43 

11.74 

85  TH 

462 

1556 

80  TH 

0.13 

1147 

80  TH 

5.31 

1152 

80  TH 

453 

15.18 

75  TH 

5.98 

1117 

75  TH 

5.18 

1129 

75  TH 

4.45 

14.88 

70  TH 

5.88 

12.89 

70  TH 

5.07 

10.96 

70  TH 

452 

14.64 

65  TH 

5.78 

12.84 

65  TH 

4.96 

10.19 

65  TH 

4.01 

14.44 

00  TH 

5.68 

12.42 

60  TH 

4.89 

10.02 

00  TH 

395 

14.27 

55  TH 

5.62 

1221 

55  TH 

4.81 

956 

55  TH 

388 

14.13 

50  TH 

556 

12.03 

50  TH 

4.74 

9.71 

50  TH 

382 

14.01 

45  TH 

551 

11-87 

45  TH 

4.07 

9.62 

45  TH 

37V 

13.80 

40  TH 

5.47 

11.72 

40  TH 

4.81 

952 

40  TH 

375 

1181 

35  TH 

5.44 

1158 

35  TH 

456 

9.42 

35  TH 

371 

1172 

30  TH 

5.40 

11.45 

30  TH 

451 

953 

30  TH 

367 

1163 

25  TH 

537 

11-32 

25  TH 

4.46 

921 

25  TH 

363 

1354 

20  TH 

533 

11.17 

20  TH 

4.40 

398 

20  TH 

354 

1140 

15  TH 

528 

10.98 

15  TH 

452 

8.78 

15  TH 

345 

1118 

10  TH 

5.19 

10.65 

10  TH 

4,19 

8k  42 

10  TH 

332 

12.63 

5  1H 

4.97 

9.81 

5  TH 

386 

7.43 

5  TH 

2JB2 

Percentage  Decrease  of  the 
Individual  Difference*  ( Averaged) 
Condition  I  a t  Bam 

Condition  2:  15.90% 
Condition  3:  31.06% 


Percentage  Decree**  of  the 
Mean* 

CcmtUtkm  1  «1m 

Condition  2:  13.12% 
Coaditioo  3:  3123% 
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Hand  Spread  Across  Wedge-2 


Distil  joint  of  digit  1  to  distal  joint  of  digit  3  —  A  measure  of  the 
grioping  spread  between  the  last  or  ouier  segments  of  the  thumb 
and  middle  fingers 


HUMAN  ENGINEERING  APPLICATIONS 

Far  —  1 )  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
aegmeota  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95*  of  USAF  rated 
personnel; 


Barehanded  Unprxaurized  Pratmrixjd 

434  in.  334  in.  234  in. 


no 


HAND  SPR£A D  ACROSS  WEDGE-3; 

DISTAL  JOINT  OF  DIOrT  1  TO  DISTAL 
JOINT  OF  DIGIT  4 


T 


1 


Subject  places  hit  right  hand  cm 
the  measuring  wedge  so  that  the 
distal  Joint  of  hit  thumb  it  am  the 
right  edge  of  the  wedge  tad  the 
distal  Joint  of  digit  4  it  oo  the 
bft  edge  of  the  wedge.  Subject 
ilidet  hit  hand  down  the  tid~«  rJ 
the  wedge  to  the  toaiima:  reread 
while  maintaining  Joint  contact 
ao  the  edges.  Reading  it  taken 
at  the  kit  H  inch  line  completely 


cleared. 


ANIKXOFOMETXiC  DATA  (N  =  27) 

Ccnditioo  1:  Subject  wearing  unpressurixed  suit  but  barehanded. 
Condition  2.  Subject  wearing  un pressurized  suit  tad  gloves. 
Conditiuo  1  Subject  wearing  suit  and  gloves  pressurized  to  _i5  prig. 


Conditio*  l 

15.43  co  9.07  in 
L52  cm.  0.80  in. 
8.SS 


Condition  2 

li.91  cm.  4.S6  in. 
1.29  cm.  051  in 
1023 


Condition  3 
10.32  cm;  4.09  in 
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z 

SD: 

w 


1.53  cm.  0.90  in 
14.54 


HAND  SPREAD  ACROSS  WEDGE-3 


anthropometric  data  expressed  as  percentues 

Condition  1;  Subject  wearing  unprcssurixed  suit  but  barehanded. 
QrnrhKnn  2;  Subject  wearing  unpressurized  suit  and  glove*. 
Condition  3  Subject  wearing  suit  and  gloves  pressurized  to  15  prig. 


Condition  1 


mttmtUn  FntmntiUt 

JncAst 

18.62 

85  TH 

7-33 

17.78 

90  TH 

7.01 

17.12 

85  TH 

8.74 

18.58 

80  TH 

8-53 

18.15 

75  TH 

9-38 

15.79 

70  TH 

622 

15.48 

65  TH 

aio 

15.23 

80  TH 

8.00 

15.02 

55  TH 

5.91 

14.84 

50  TH 

584 

14.89 

^  TH 

5.78 

14.57 

40  TH 

5.74 

14.47 

35  TH 

5.70 

14.40 

30  TH 

5.67 

14.34 

25  TH 

5.84 

1428 

20  TH 

562 

14.19 

15  TH 

559 

14.00 

10  TH 

5.5! 

13.38 

S  TH 

5.28 

Condition  2 


parameters  FironuUa 

Indut 

14.65 

95  TH 

5.77 

14.45 

80  TH 

5.69 

14.08 

85  TH 

5-54 

1373 

80  TH 

5.41 

13.42 

75  TH 

528 

1314 

70  TH 

5.17 

12.90 

65  T11 

5.08 

1269 

60  TH 

5.00 

1251 

55  TH 

4.93 

1235 

50  TH 

4.88 

1221 

45  TH 

4.81 

1208 

40  TH 

4.78 

11.97 

35  TH 

4.71 

11-87 

30  TH 

4.67 

11.78 

25  TH 

4.63 

11.63 

20  TH 

4-5S 

1144 

15  TH 

4-50 

1100 

10  TH 

438 

10.07 

5  TH 

asrr 

Conditions 

Ceattm  n .  •  J 

ladies 

1259 

95  TH 

4.86 

1245 

90  TH 

4.90 

1200 

85  TH 

4.76 

11.73 

80  TH 

462 

11-39 

75  TH 

449 

11.00 

70  TH 

437 

10.82 

65  TH 

42- 

1057 

80  TH 

418 

1034 

55  Til 

407 

1014 

50  TH 

399 

995 

45  TH 

392 

9.78 

40  TH 

385 

9.62 

35  TH 

379 

9.40 

30  TH 

372 

9-30 

25  TH 

363 

9.13 

20  TH 

359 

8.90 

15  TH 

350 

8.53 

10  TH 

338 

753 

5  TH 

300 

Trrrfnk^e  Decrease  of  iht 
tmdktduei  DtfermcesfAoercged) 
Cowci'Wo  i  *»  *•» 


PeK&tiage  Decrease  of  A# 
Mmm 

Cow&rfe « |  aSw 

Condition  2: 

Coodttsoa  3:  33.12* 


Condition  2  18  02* 
Condition  3:  32.91* 
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Across  Wedge-3 


Distal  joint  of  digit  1  to  distal  joist  of  digit  4  —  A  measure  of  the 
gripping  spread  between  the  last  or  outer  segments  of  the  thumb 
and  ring  fingers 


HUMAN  ENGINEERING  APPUCATIONS 

For—  1)  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 


DESIGN  amtg(A 

Number  of  indies  necessary  to  include  or  accommodate  approximately  9S%  of  USAF  rated 
personnel: 


Barehanded  Unpresrurlzed 


FnuuHzed 


5V4  in 


3%  in. 


3  in. 
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Range  of  Values  for 

Hand  Spread  Across  Wcdge-3  per  Glove  Size 


inch**  (cm) 

2-50  3.50  4.90  9.50  6  50  7.50  650 

(6.35)  (&8S)  (11.43)  (13.97)  (16.31)  (1909)  (21.59) 
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! 

t 

f 


HAND  SPREAD  ACROSS  WEDGE-4; 

DISTAL  JOINT  OF  DIGIT  1  TO  DISTAL 
JOINT  OF  DIGIT  5 


Subject  places  his  right  band  cm, 
the  measuring  wedge  to  that  die 
distal  Joint  of  bit  thumb  is  on  the 
right  edge  of  the  wedge  and  the 
distal  Joint  of  digit  S  is  on  the 
left  edge  of  the  wedge.  Subject 
slides  his  hand  down  the  sides  of 
the  wedge  to  the  maximal  spread 
while  maintaining  Joint  contact 
on  the  odges.  Reading  is  taken  at 
the  last  *  inch  line  completely 
cleared. 


ANTH*OFOM£T*lC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unprcmirized  suit  and  gloves. 
Condition  3;  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 

Condition  2 

Condition  3 

Y 

1536  cm;  0.05  in. 

12.84  cm;  5.06  in. 

9.83  cm;  3.87  in. 

SD. 

137  cm;  0.54  in. 

1.43  cm;  0.56  in. 

1.58  cm;  0.62  In. 

w 

8.83 

11.13 

16.05 
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HAND  SPREAD  ACROSS  WEDGE-4 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  un pressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  un pressurized  suit  and  gloves. 


Condition  3:  Subject  wearing  suit  and  gloves  pressurized  tn  35  prig. 


Condition  1  Condition  2  Condition  3 


Centimeters  Percentilee 

Inches 

Centimeters  Percentiles 

Indies 

Centimeters  Percentiles 

Inchoe 

18.05 

95  TH 

7.11 

15.02 

95  TH 

5.92 

12.16 

86  TH 

4.79 

17.70 

90  TH 

6.87 

14.80 

90  TH 

5.83 

12.12 

80  TH 

4.77 

17.22 

85  TH 

6.78 

14.49 

85  TH 

5.70 

11.77 

85  TH 

4.63 

16.77 

80  TH 

6.60 

14.20 

80  TH 

559 

1159 

80  TH 

4.49 

16.37 

75  TH 

6.44 

14.03 

75  TH 

552 

11.04 

75  TH 

455 

16.01 

70  TH 

6.30 

13.88 

70  TH 

5.48 

10.72 

70  TH 

4J2 

15.69 

65  TH 

6.18 

13.84 

65  TH 

557 

10.43 

65  TH 

4.10 

15.41 

60  TH 

6.07 

13.30 

00  TH 

554 

10.16 

80  TH 

4.00 

15.16 

55  TH 

5.97 

1256 

55  TH 

4.94 

9.93 

55  TH 

3.91 

14.94 

50  TH 

5.88 

12.33 

50  TH 

4.88 

9.72 

50  TH 

3.83 

14.74 

45  TH 

5.80 

12.20 

45  TH 

4.80 

953 

45  TH 

173 

1457 

40  TH 

5.74 

12.11 

40  TH 

4.77 

9.35 

40  TH 

aes 

14.42 

35  TH 

5.6K 

12.03 

35  TH 

4.74 

9.19 

35  TH 

ae2 

14.30 

30  TH 

5.63 

11.94 

30  TH 

4.70 

9.04 

30  TH 

358 

14.20 

25  TH 

5.59 

11.86 

25  TH 

4.67 

8.88 

25  TH 

3.49 

14.12 

20  TH 

558 

11.77 

20  TH 

4.84 

869 

20  TH 

3.42 

1405 

15  TH 

553 

1150 

15  TH 

450 

8.43 

15  TH 

352 

13.97 

10  TH 

550 

11.37 

10  TH 

4.48 

7.98 

10  TH 

au 

13.74 

5  TH 

5.41 

10.82 

5  TH 

450 

6.80 

5  TH 

258 

Percentage  Decrease  of  the 
Individual  Differences  (Averaged) 
Condition  1  U  Best 


Percentage  Decrease  of  the 
Means 

Condition  1  u  Ben 


Condition  2:  18.31* 
Condition  3:  35.94% 


Condition  2:  10.41% 
Condition  3:  38.00% 
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Hand  Spread  Across  Wedge-4 

Distal  Joint  of  digit  1  to  distal  joint  of  digit  5  —  A  measure  of  the 
gripping  spread  between  the  last  or  outer  segments  of  the  thumb 
and  little  finger 

HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 

DESIGN  CRITERIA 

Number  of  Inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 

Barthanded  Unpreaiurized  Pntsuriiad 

5V%  in.  4 Vi  in.  2Vz  in. 
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»  ■* ..  yr  \jf 


1 

I 

Range  of  Values  for 

Hand  Spread  Across  Wedge-4  per  Glove  Size 

InchM  (e») 


2.50  3.50  4.50  5.50  6.50  7.50 

(6.35)  (E69)  (11.43)  (13.97)  (16.51)  (19.03) 
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HAND  SPREAD  ACROSS  WEDGE-5; 

DISTAL  JOINT  OF  DIGIT  1  TO  MIDDlf 
JOINT  OF  DIGIT  3 


Subject  places  his  right  hand  on 
the  measuring  wedge  so  that  the 
distal  joint  of  his  thumb  is  on  the 
right  edge  of  the  wedge  and  the 
middle  joint  of  digit  2  is  on  the 
left  edge  of  the  wedge.  Subject 
slides  bis  hand  down  the  sides  of 
the  wedge  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edges.  Reading  is  taken 
at  the  last  Vk  inch  line  completely 
cleared. 

i 


J 

n.iih  '  ■  *•'  — «.»vtah  i nr  in  rwB 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  un pressurized  suit  and  glows. 
Omditi™  3:  Subject  wearing  suit  and  gloves  pressurized  to  15  png. 


Condition  1 

Condition  2 

Condition  3 

X 

1049  cm;  4.13  in. 

9.17  cm;  3.81  ia 

8.04  cm;  3.17  in. 

SD: 

0.96  an;  059  in. 

0.92  cm;  0.36  in. 

0.99  cm,  0.39  in. 

W. 

957 

10.03 

12-34 

L20 


I 


HAi  !D  SPREAD  ACROSS  WEDGED 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 


Condition  1:  Subject  wearing  unpressurized  sui*  but  barehanded. 
Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  prig. 


Condition  1  Condition  2  Condition  3 


C<n timeien  Percentiles 

Inches 

C  entisneten  Percentiles 

Inches 

Centimeter)  Percentiles 

Inches 

11.97 

85  TH 

4.71 

10.99 

95  TH 

4.33 

5.00 

95  TH 

330 

11.90 

90  TH 

4.08 

10.42 

90  TH 

4.10 

933 

90  TH 

307 

11.68 

85  TH 

4.00 

10.10 

85  TH 

3.98 

9.15 

85  TH 

3.00 

11.40 

80  TH 

451 

9.88 

80  TH 

3.89 

9.02 

80  TH 

355 

11.24 

75  TH 

4.43 

9.70 

75  TH 

3.82 

8.90 

75  TH 

350 

11.04 

70  TH 

4.35 

950 

70  TH 

3.70 

8.78 

70  TH 

3.40 

10.88 

65  TH 

428 

9.43 

65  TH 

3.71 

80S 

65  TH 

841 

10.09 

00  TH 

421 

9.31 

00  TH 

3.67 

852 

00  TH 

830 

10.53 

55  TH 

4.15 

920 

55  TH 

3.02 

839 

55  TH 

330 

10.38 

50  TH 

4.09 

9.10 

50  TH 

358 

824 

50  TH 

824 

10.25 

45  TH 

4.03 

9.01 

45  TH 

355 

8.08 

45  TH 

818 

10.12 

40  TH 

398 

8.92 

40  TH 

351 

7.92 

40  TH 

812 

9.99 

35  TH 

393 

8.82 

33  TH 

3.47 

7.74 

35  TH 

805 

9.87 

30  TH 

3.89 

873 

30  TH 

3.44 

754 

30  TH 

2.97 

9.75 

25  TH 

3.84 

8.04 

25  TH 

3.40 

7.32 

25  TH 

288 

903 

20  TH 

3.79 

855 

20  TH 

3.37 

7.06 

20  TH 

279 

9.48 

15  TH 

373 

840 

15  TH 

3.33 

6.84 

15  TH 

263 

9.27 

10  TH 

3.6S 

8.30 

10  TH 

3.29 

658 

10  TH 

259 

8.83 

5  TH 

3.48 

829 

5  TH 

320 

843 

5  TH 

253 

Percentage  Decrease  of  the 
Individual  Difjerencct  (Averaged) 
Condition  1  at  Sett 

Condition  2:  12.38% 
Condition  3:  23.02% 


Percentage  Decrease  of  the 
Means 

Conditio a  1  tsBtmt 

Condition  2:  1258% 
Condition  3:  2356% 


121 


Hand  Spread  Across  Wedge-5 


Distal  joint  of  digit  1  to  middle  joint  of  digit  2  —  A  mea>ure  of 
the  gripping  spread  between  the  lost  or  outer  segment  of  uie 
thumb  and  the  middle  segment  of  the  index  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded  Unpresrurized  Pressurized 

m  in.  VA  in.  2Vz  in. 
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Range  of  Values  for 

Hand  Spread  Across  Wedge-5  per  Glove  Size 


inch«$  (cm) 

2  00  2.50  3.00  S.S0  4.00  4.50  5.00  5  50 

(508)  (6  35)  (7  62)  (8  89)  (19  16)  (,143)  (12.71)  (13.97) 

I  I  I  I  I - 1 - i - 1 - r 


HAND  SPREAD  ACROSS  WEDGE-6; 

DISTAL  JOINT  OF  DIGIT  1  TO  MIDDLE 
JOINT  Of  DIGIT  3 


Subject  places  his  right  hand  on 
the  measuring  wedge  so  that  the 
distal  joint  of  his  chocnb  is  oo  the 
right  edge  of  the  wwlge  and  the 
middle  joint  of  digit  3  is  oo  the 
left  edge  of  the  wedge.  Subject 
slides  his  hand  down  the  sides  of 
the  wedge  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edges.  Reading  is  taken 
at  the  last  W  inch  line  completely 
cleared. 


\ 


A 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  l:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  weaitog  un pressurized  suit  and  gloves. 
Condition  3  Subject  wearing  suit  end  gloves  pressurized  to  35  prig. 


Condition  I 


Condition  2 


Condition  3 


X  I2di»  am;  453  in.  10.49  csn.  4.13  in.  8  90  cm.  353  in. 

SD:  1 21  cm;  0.48  in.  1.06  cm,  0.43  in. 

V%:  955  1034 
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1.29  cm.  051  in. 
1455 


HAND  SPREAD  ACROSS  WEDGE-6 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressuri2ed  suit  but  barehanded. 


Condition  2;  Subject  wearing  orpressurized  suit  and  gloves. 


Condition  3;  Subject  wearu  g  sail  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Cmiimrfrr*  PerccntiUs 

lnckrt 

Ctnitonien  Petc.-nuUt 

tmhri 

CnMmctcn  Ptrmtite) 

incite* 

14.65 

95  TH 

5.TJ 

12.21 

95  TH 

4.81 

1155 

95  TH 

455 

14.00 

90  TH 

5.51 

12.04 

90  TH 

4.74 

10.72 

90  TH 

422 

13.50 

05  TH 

5.34 

11.87 

85  TH 

4.67 

1029 

85  TH 

405 

13.22 

80  TH 

5.20 

11.68 

80  TH 

4.60 

9.99 

80  TH 

3.93 

12.94 

75  TH 

5.09 

11.46 

75  TH 

4-51 

9.77 

75  TH 

3.85 

12.71 

70  TH 

5.00 

11.23 

70  TH 

4.42 

958 

70  TH 

3.77 

12.51 

65  TH 

4.92 

10.89 

65  TH 

4.29 

9.42 

65  TH 

371 

1233 

60  TH 

4.85 

10.21 

60  TH 

402 

9.28 

60  TH 

3.65 

12.17 

55  TH 

4.79 

10.15 

55  TH 

4.00 

9.14 

35  TH 

3.60 

12.03 

50  TH 

4.74 

It  .09 

50  TH 

3.97 

9.01 

50  TH 

3.55 

11.90 

45  TH 

4.09 

10.03 

45  TH 

3.95 

8.83 

45  TH 

3.50 

11.78 

40  TH 

4.64 

9.97 

40  TH 

3.92 

8.74 

40  TH 

344 

11.07 

35  TH 

4.59 

9.91 

35  TH 

3.90 

860 

35  TH 

338 

11.56 

30  TH 

4.55 

9.85 

30  TH 

3.88 

8.44 

30  TH 

3.32 

11  40 

25  TH 

4.51 

9.78 

25  TH 

3.85 

8.28 

25  TH 

325 

11.35 

20  TH 

4  47 

9.65 

20  TH 

3.80 

804 

20  TH 

3.17 

11.22 

15  ni 

4.42 

9.42 

15  TH 

3  71 

777 

15  TH 

306 

11  05 

10  TH 

4.35 

917 

10  TH 

361 

7.38 

1C  TH 

2.91 

10.72 

5  TH 

4  22 

8.84 

5  TH 

348 

0.72 

5  TH 

£-65 

Percental?  C  ret  cote  of  the 
Individual  Diffrrtntft  ( Ai'tragcd) 

Conduit*)  I  bj  Roe 

Condition  2:  14  25% 
Condition  3:  20.77% 


Pcrcmtiigt  Decirasr  of  the 
Meci v 

Cowfcim  J  ci  8o» 

Condition  2:  1  <58% 
Condition  3:  27.04% 
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Hand  Spread  Across  Wedge-6 


Distal  joint  of  digit  1  to  middle  joint  of  dipt  3  —  A  measure  of  the 
gripping  spread  between  the  last  or  outer  segment  of  the  thumb 
and  the  middle  segment  of  the  middle  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  ‘io'V  of  US.\F  rated 
personnel. 


Bare  hooded 

4  m. 


I'npreuunzcd 

31/4  in. 


Pressurized 

2Vz  in. 


1S6 


HAND  SPREAD  ACROSS  WEDGE-7; 

DISTAL  JOINT  OF  DIGIT  1  TO  MIDDLE 
JOINT  OF  DIGIT  4 


Subject  places  his  right  hand  on 
the  measuring  wedge  so  that  the 
distal  joint  of  his  th-.imb  is  on  the 
right  edge  of  the  wedge  and  the 
middle  joint  of  digit  4  is  on  the 
left  edge  of  the  wedge.  Subject 
slides  his  hand  down  the  sides  of 
the  wedge  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edges.  Reading  is  taken  at 
the  last  V*  inch  line  completely 
cleared. 


ANTHROf'OMETBIC  DATA  (N  =  27) 

Condition  I:  Subject  wearing  unpressurizod  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3.  '>ub;,'ct  wearing  suit  and  gloves  pressurized  to  3.5  prig. 


Condition  1 


Condition  2 


Condition  3 


Y: 

13.10  cm,  5.16  in. 

11  OS  cm,  4.36  in. 

SD: 

1.23  cm;  0.47  in. 

1.21  cm,  0.48  in. 

V%: 

9.15 

1096 

9.24  cm.  3  64  in. 


•28 


1.44  cm,  0.57  in. 
1557 


HAND  SPREAD  ACROSS  WS0SE-7 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 


Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Conditions 


CcvxTrmrferj  Petr  entile t 

Inches 

Cfntlmstm  Pttremde* 

/richer 

Centimeters  PcrcentiU? 

Inches 

15.00 

95  TH 

5  91 

12.74 

95  TH 

5.02 

12.19 

95  TH 

4.80 

14.69 

90  TH 

5.79 

12.53 

90  TH 

4  93 

11.40 

90  TH 

449 

14.37 

85  TH 

5.68 

12.30 

85  TH 

4.84 

10.85 

85  TH 

4.27 

14.09 

80  TH 

5.55 

12.10 

80  TH 

4.76 

10.45 

80  TH 

4  11 

13.83 

75  TH 

5.44 

11.90 

75  TH 

4.89 

10.13 

75  TH 

3.99 

13.59 

70  TH 

5.35 

11.73 

70  TH 

4.62 

9.88 

70  TK 

3.88 

13.37 

65  TH 

5.27 

11.58 

65  TH 

455 

9.64 

85  TH 

3.79 

13.18 

60  TH 

5.19 

11.39 

60  TH 

4.49 

9.44 

60  TH 

3.72 

12.99 

55  TH 

5.11 

11.24 

55  TH 

4.42 

9.27 

55  TH 

3.85 

12.82 

50  TH 

505 

11.08 

50  TH 

4.30 

9.12 

50  TH 

3.59 

12,65 

45  TH 

4.98 

10  93 

45  TH 

4.30 

8.97 

45  TH 

3.53 

1250 

40  TH 

4.92 

10.78 

40  TH 

4.21 

8.81 

40  TH 

3.48 

12.36 

35  TH 

486 

1063 

35  TH 

4  18 

8.72 

35  TH 

3.43 

1222 

30  TH 

481 

10.47 

30  TH 

4.12 

8.59 

TO  TH 

3.38 

1208 

25  TH 

4.70 

10.31 

25  TH 

400 

845 

25  TH 

3.33 

11.95 

20  TH 

4.71 

10  13 

20  TH 

3.99 

323 

20  TH 

3.28 

11.83 

15  TH 

463 

9.93 

15  TH 

3.91 

80S 

15  TH 

3.17 

11.69 

10  TH 

4.60 

968 

10  TH 

3  81 

7.67 

10  TH 

3.02 

11.50 

5  TK 

453 

9  30 

5  TH 

3.60 

0.81 

5  TH 

2.68 

Percentage  D erreore  of  the 
Individual  Differences  ('.At  eragedj 
Condni m  l  hi  Bate 


Percentage  Decrease  of  the 
Means 

Condition  I  cl  8-Cht 

Condition  2.  IS. 42% 
Condition  3:  2S.47% 
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Condition  2:  15  22% 
Condition  3;  29  26% 


Hand  Spread  Across  Wedge-7 

Distal  joint  of  digit  1  to  middle  joint  of  digit  4  —  A  measure  of  the 
gripping  spread  between  the  last  or  outer  segment  of  the  thumb 
and  the  middle  segment  of  the  ring  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  S5^  of  USAF  rated 
personnel: 


Barehanded 


Unpressurized 


Pressurized 


4Vi  in.  3Vz  in. 


2Vs  in. 
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Range  of  Values  for 

Hand  Spread  Across  Wedge-7  per  Glove  Size 

Iftdwt  (cm) 

2.00  5.00  4  00  5.0C  8.00  7.00 

(SOU)  (7.62)  (\0.16)  (12.70)  (15.24)  (17.7U) 


HAND  SPREAD  ACROSS  WEDGE-8; 

DISTAL  JOINT  OF  DIGIT  1  TO  MIDDlf 
JOINT  OF  DIGIT  5 


V 


Subject  places  his  right  hand  on 
the  measuring  wedge  so  that  the 
distal  joint  of  his  thumb  is  on  the 
right  edge  of  the  wedge  and  the 
middle  joint  of  digit  5  is  on  the 
left  edge  of  the  wedge.  Subject 
slides  his  hand  down  the  sides  of 
the  wedge,  to  the  maximal  spread 
while  maintaining  joint  contact 
on  the  edges.  Reeding  is  taken  at 
the  last  V*  inch  line  completely 
cleared. 


J  _ 

7  /' 


i 


V  <4 


-J 


ANTHROPOMETRIC  DATA  {M  =  2 7) 

Condition  *:  Subject  wearing  unprwsuri2ed  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpmsurizcd  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3*5  psig. 


X 

SD 

v% 


Condition  ’ 

13.il  cm.  5.28  in. 
1.16  cm;  0.46  in. 
8.6ft 


Condition  2 

11.41  cm;  4.49  in. 
i.32an,  0.52  in. 
11.50 


Condition  3 
8.96  cin;  3.53  in. 
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1.48  cm;  0.58  in. 

1652 


HAND  SPREAD  ACROSS  WEDGE-8 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 


Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1  Condition  2  Condition  3 


Centimeter*  Percentile* 

Inches 

Centtmeleri  Percentilei 

Inches 

Centimeters  Percentiles 

Inches 

1591 

95  TH 

6.26 

13.67 

95  TH 

5.38 

11.69 

95  TH 

4.60 

14.90 

80  TH 

5.87 

13.45 

90  TH 

5.30 

10.98 

90  TH 

4.32 

14.58 

85  TH 

5.74 

13.08 

85  TH 

5.15 

10.57 

85  TH 

4.16 

14.35 

80  TH 

565 

12.73 

80  TH 

5.01 

10.28 

80  TH 

4.05 

14.17 

75  TH 

5.58 

12.41 

75  TH 

4.89 

10.03 

75  TH 

3.95 

14.04 

70  TH 

5.53 

12.14 

70  TH 

4.78 

9.81 

70  TH 

3.80 

13.S0 

65  TH 

5.47 

11.90 

65  TH 

4.68 

9.81 

65  TH 

3.78 

13.77 

60  TH 

5.42 

11.69 

60  TH 

4.60 

9.41 

00  TH 

3.70 

13.56 

55  TH 

5.34 

11.51 

55  TH 

4.53 

9.22 

55  TH 

3.63 

13.33 

50  TH 

5.25 

11.35 

50  TH 

4.47 

9.02 

50  TH 

3.55 

12.70 

45  TH 

5.00 

11.20 

45  TH 

4.41 

8.82 

45  TH 

3.47 

12.61 

40  TH 

4.97 

11.08 

40  TH 

4.38 

8.61 

40  TH 

3.39 

12.53 

35  TH 

4.93 

10.97 

35  TH 

4.32 

839 

35  TH 

320 

12.44 

30  TH 

490 

10.86 

30  TH 

4.27 

8.16 

30  TH 

3.21 

12.38 

25  TH 

4.87 

10.74 

25  TH 

4.23 

7.91 

25  TH 

3.11 

12.27 

20  TH 

483 

1060 

20  TH 

4.17 

7.63 

20  TH 

3.00 

12.13 

15  TH 

4.78 

1038 

15  TH 

4.09 

7.31 

15  TH 

2.88 

11.96 

10  TH 

4.71 

9.97 

10  TH 

392 

6.93 

10  TH 

2.74 

11.79 

5  TH 

4.64 

8.84 

5  TH 

3.48 

6.54 

5  TH 

2J57 

Percentage  Decrease  of  the 
Individual  Difference}  ( Averaged) 

Conditio*  l  at  Ban 

Condition  2:  14.78% 
Condition  3:  32.&4% 


Percentage  D'create  of  the 
Meant 

Condition  I  Cl  Bam 

Condition  2:  14  91% 
Condirioo  3:  33.18% 
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Hand  Spread  Acro^a  Wedge-8 


Distal  joint  of  digit  1  to  middle  joint  of  digit  5  -  V  measure  of  the 
gripping  spread  between  the  last  or  outer  segment  of  the  thumb 
and  the  middle  segment  of  the  little  anger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Determination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
segments  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded 

Wz  iu. 


Unpressurized 

3 Vi  in. 


Pressurized 

2Vz  in. 


in 


HAND  SPREAD  ACROSS  WEDGE-9; 

CROTCH  \  OF  HAND  TO  DISTAL  JOINT 
OF  DIGIT  2 


Subject  places  his  right  hand  on 
the  measuring  wedge  so  that 
crotch  1  is  on  the  right  edge  of 
the  wedge  and  the  distal  joint  of 
digit  2  is  on  the  left  edge  of  the 
wedge.  Subject  slides  his  hand 
down  the  sides  of  the  wedge  to 
the  maximal  joint  contact  on  the 
edges.  Reading  is  taken  at  the  last 
inch  line  completely  cleared. 


T 


o 


r 


'•s 


v. 

Km 

'  - 

U  Winn*;  iiiiWiaiitii.il 


/£• 


ANTHROPOMETRIC  DATA  (N-27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  SL  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  l 


Condition  2 


Condition  3 


X: 

10.75  cm;  4.23  in. 

9.29  cm;  3.66  in. 

SD: 

1.09  cm;  0.43  in. 

1.14  cm;  0  45  in. 

VX: 

10.18 

12J22 

7.97  cm;  3.14  in. 


13d 


0.94  cm,  0.37  in. 
11.74 


HAND  SPREAD  ACROSS  WEDGE-9 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  ur.pressurizcd  suit  but  barehanded. 
Condition  1  Subject  wearing  unpressurized  suit  and  gloves. 


Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  ptig. 


Condition  1  Condition  2  Condition  3 


Centimeieri  PercentiUt 

Inehe! 

Ctnlimelert  Prrcentilee 

inchet 

Cenltmeten  PercentiUt 

Inchet 

1129 

95  TH 

4.84 

11.49 

95  TH 

452 

9.60 

95  TH 

3.78 

11.98 

90  TH 

4.72 

1064 

90  TH 

4.19 

9.45 

90  TH 

3.72 

11.83 

85  TH 

4.06 

10.31 

85  TH 

4.0'* 

9.20 

85  TH 

3.02 

11.70 

80  TH 

4.61 

10.13 

80  TH 

3.99 

8.96 

80  TH 

353 

11.59 

75  TH 

4.56 

10.00 

75  TH 

3.94 

8.73 

75  TH 

3.44 

11.47 

70  TH 

4.52 

9.89 

70  TH 

3.89 

852 

70  TH 

3.35 

11.35 

65  TH 

4.47 

9.78 

65  TH 

3.85 

8.33 

65  TH 

3.28 

11.23 

60  TH 

4.42 

9.67 

00  TH 

3.81 

8.15 

60  TH 

3.21 

11.09 

55  TH 

4.37 

9.55 

55  TH 

3.76 

7.99 

55  TH 

3.14 

10.94 

50  TH 

4.31 

9.42 

50  TH 

3.71 

7.84 

50  TH 

3.00 

10.79 

45  TH 

4.25 

9.27 

45  TH 

3.65 

7.70 

45  TH 

3.03 

1062 

40  TH 

4.13 

9.11 

40  TH 

359 

757 

40  TH 

2.98 

10.43 

35  TH 

4.11 

8.92 

35  TH 

351 

7.44 

35  TH 

2.93 

10.23 

30  TH 

4.03 

8.70 

30  TH 

3.43 

7.33 

30  TH 

2.89 

10.00 

25  TH 

3.94 

S.s'O 

25  TH 

333 

122 

25  TH 

2.84 

9.73 

20  TH 

3.84 

8.19 

20  TH 

322 

7.11 

20  TH 

2.80 

9.48 

15  TH 

3.73 

7.88 

15  TH 

3.10 

7.00 

15  TH 

2.76 

9.18 

'10  TH 

3.62 

7.55 

10  TH 

2.97 

086 

10  TH 

2.70 

8.94 

5  TH 

352 

7.34 

5  TH 

2.89 

659 

5  TH 

2.00 

Percentage  Decrease  of  the 
Indlt  iduul  Difference  s( Aceraged) 
C-omdUkm  I  at  Bom 


Percentage  Decrease  of  the 
Meant 

Condition  l  u  Bnte 


Condition  2;  13  57% 
Condition  3:  23.65% 


Condition  2:  1356% 
Condition  3:  25.86% 
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Hand  Spread  Across  Wedge-9 


Crotch  1  of  hand  to  distal  joint  of  digit  2  -  A  measure  of  the 
gripping  spread  between  the  crotch  formed  at  the  juncture  of  the 
thumb  and  forefinger  and  the  last  segment  of  the  forefinger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1 )  Determination  cf  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
arras  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 


Barehanded 


Unprersurized 


Pressurized 


3V2  in. 


2%  in. 


2Vz  in. 
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*•"***■■>>!*  "iirs 


Range  of  Values  for 

Hand  Spread  Across  Wedge-9  per  Glove  Size 

>cAm  (cm) 


2.00  2.50  500  3.50  4.00  4.50  500  6 JO 

(3.08)  (655)  (7.6,?)  (8  69)  (10.16)  (1143)  (12.70)  (1397) 


ANTHROPOMETRIC  DATA  (N  =  37) 

Condition  I:  Subject  wearing  onpreirun/cd  ruit  hut  harekanded. 
Condition  '2.  Subject  wearing  iinprernin/rd  suit  and  glover 
Condition  3:  Subject  wearing  luit  and  glover  prenun«d  to  3.5  png. 


Condition  1 

Condition  2 

Condition  3 

X 

1258  cm,  4  $5  in 

10  5S  cm.  4  17  in 

865  cm.  3  41  in. 

SD: 

1  15  cm.  0,45  in 

1.16  cm,  C  46  in. 

1  02  cm.  0  <0  in 

vv 

6.11 

1095 

11. M 
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HAND  SPREAD  ACROSS  WEDGE-10 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpress -azed  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig 


Condition  1  Condition  2  Condition  3 


Ctnltmfirrt  PerccnisLrt 

Inehet 

Cr^./nrfe'ri  Pcrcmtdrt 

IikKci 

Cc&timerttTj  PrrccrdiUi 

incAu 

14.52 

95  TH 

5.72 

12  41 

95  TH 

4.89 

10.90 

95  TH 

4.29 

14.33 

90  TH 

5.64 

1201 

90  TH 

4.73 

9.95 

90  TI! 

292 

14.01 

85  TH 

5.52 

11.81 

85  TH 

4.6S 

919 

85  TH 

3.77 

13.70 

80  TH 

5.39 

nee 

80  TH 

459 

9.38 

80  TH 

3.70 

13.42 

75  TH 

5.28 

11.52 

75  TH 

4.53 

927 

75  TH 

165 

13.16 

70  TH 

5  18 

11.33 

70  TH 

4.49 

9.17 

70  TH 

361 

12.93 

65  TH 

5.09 

11.24 

65  TH 

442 

9.09 

65  TH 

158 

12.73 

60  TH 

5.01 

11.09 

60  TH 

4.37 

9.01 

00  TH 

1® 

1254 

55  TH 

4.91 

10.93 

55  TH 

4.30 

8.92 

55  TH 

151 

12  37 

50  TH 

4.87 

10.76 

50  TH 

4.23 

883 

50  "FH 

3.48 

1221 

45  TH 

4.81 

10.57 

45  TH 

4.16 

8.72 

45  TH 

143 

120S 

40  TH 

4.75 

10  37 

40  TH 

4  08 

8  60 

40  TH 

239 

1195 

35  TH 

4.70 

10.16 

35  TH 

400 

8.40 

35  TH 

333 

11  S3 

30  TH 

4.66 

993 

30  TH 

391 

8.30 

30  TH 

327 

1172 

25  TH 

4  82 

969 

25  TH 

381 

8.10 

25  TH 

3.19 

1101 

20  TH 

4  57 

9  42 

20  TH 

371 

7.87 

20  TH 

3.10 

1150 

15  TH 

453 

9  15 

15  TH 

360 

7  6U 

15  TH 

299 

11.32 

10  TH 

440 

891 

10  TH 

351 

7.27 

10  T1I 

286 

10.91 

5  TH 

4.30 

8  S3 

5  TH 

149 

6.92 

5  TH 

273 

P rrcrntegr  Peere aar  of  the  Pereenlaze  Decreme  of  the 

Individual  Di§ertneet  (  Averaged)  Si ecm 

CimJe  m  t  ci  Sew  Cmitfuii  1  at  5cm 

Condition  2:  15  90* 
Condition  3:  31.24% 
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Condition  2  15  57% 
Condition  3.  31  05* 


/ 


^  '  Hand  Spread  Across  Wsdge-IO 

Crotch  1  of  hand  to  distal  joint  of  digit  3  -  A  measure  of  the 
gripping  spread  between  the  crotch  formed  at  the  juncture  cf  the 
thumb  and  forefinger  and  the  last  wsgrramt  cf  the  middla  finger 


KUriU*  ENGINEERING  APMJCATIONS 

For-1,  Determination  of  tbe  maximum  size  of  wheels  to  be  grasped  arai/or  turned  by  these  two 
areas  of  tbe  hand 


design  crtchua 

Number  of  inches  necessary  »  hK-lude  or  accommodate  approximately  85%  of  USAF  rated 
personnel: 


Barehmtded  Unprewwtod 

4V*  iiL,  in. 


iWuurizni 

2Vz  in. 
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Rang©  of  Values  for 

Hand  Spread  Across  Wedge-10  per  Glove  Size 

iftChM  (CS<) 

2.00  300  4  00  5  00  6.00 

<3.0e)  (7.52)  (1016)  (12.70)  (13.24) 


HAND  SPREAD  ACROSS  WEDGE-11; 

CROTCH  1  OF  HAND  TO  DISTAL  JOINT 
OF  DIGIT  4 


Subject  places  hii  right  hand  on 
the  measuring  wedge  so  that 
crotch  1  is  on  the  right  edge  of 
the  wedge  and  the  distal  joint  of 
digit  -1  h  on  the  left  edge  of  the 
wedge.  Subject  slides  his  hand 
down  the  sides  of  the  wedge  to 
the  maximal  spread  while  main¬ 
taining  joint  contact  on  the  edges. 
Reading  is  taken  at  the  last  % 
inch  line  completely  cleared. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2;  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  psig. 


Condition  1 

Condition  2 

Condition  3 

X 

'3.01  cm,  5.12  in. 

10,94  cm.  4.31  ia. 

8.75  cm.  3.44  in. 

SD. 

1.40  cm,  0.55  la. 

1.31  cm;  052  la. 

1.03  esn;  0.40  in. 

V%: 

10.74 

11.6T7 

11.74 
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HAND  SPREAD  ACROSS  WEDGE-11 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  glove*. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  35  prig. 


Condition  1 


Condition  2 


Condition  3 


mtinurtert  Percentile* 

Inchet 

Ccrtflmtffm  PrrcmtiUt 

Incite* 

Centimeter*  Percentile* 

/ echo* 

15.11 

95  TH 

5.95 

13.68 

95  TH 

5.38 

10.19 

95  TH 

4.01 

14.79 

90  TH 

5.82 

1280 

90  TH 

5.04 

9.95 

90  TH 

3.92 

14.48 

85  TH 

5.70 

1239 

85  TH 

4.88 

9.79 

85  TH 

3.86 

14.21 

80  TH 

5.59 

1213 

80  VH 

4.77 

9.66 

80  TH 

3.80 

13.96 

75  TH 

5.49 

11.92 

75  TH 

4.69 

954 

75  TH 

176 

13.72 

70  TH 

5.40 

11.74 

70  TH 

4.62 

9.42 

70  TH 

3.71 

13.51 

65  TH 

5212 

11-56 

65  TH 

4.55 

9.29 

65  TH 

3.86 

13.31 

60  TH 

5.24 

11.39 

60  TH 

4.49 

9.16 

00  TH 

181 

13.11 

55  TH 

5.16 

11.22 

£5  TH 

4.42 

9.03 

55  TH 

156 

12.93 

SO  TH 

509 

11.04 

50  TH 

4.35 

8.89 

50  TH 

3.50 

12.74 

45  TH 

5.02 

10.85 

45  TH 

4.27 

8.74 

45  TH 

C.44 

12.57 

40  TH 

4.95 

10.65 

40  TH 

4.19 

858 

40  TH 

3.38 

12.39 

35  TH 

4.88 

10.44 

35  TH 

4.11 

8.42 

35  TH 

3.32 

12.21 

30  TH 

4.81 

10.20 

30  TH 

4.02 

8.2S 

30  TH 

225 

1203 

25  TH 

4.74 

9.95 

25  TH 

3.92 

8.06 

25  TH 

3.17 

11.84 

20  TH 

4.66 

968 

20  TH 

3.81 

7.85 

20  TH 

3.09 

11.63 

15  TH 

458 

9.39 

15  TH 

3.70 

7.64 

15  TH 

101 

11.37 

10  TH 

4.48 

9.10 

10  TH 

3.58 

7.41 

10  TH 

292 

10.89 

5  TH 

4213 

8.98 

5  TH 

.154 

727 

5  TH 

266 

Percentage  Decrease  of  the 
individual  Differences  (Averaged) 
Condition  1  u  Saw 

Cofsli-ion  2;  15.83* 
Condition  3:  32.31% 


Percentage  D. crease  of  the 
Meens 

Conduit*  t  •>  Sam 

Condition  2:  15.91* 
Condition  3:  32.74* 
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Hand  Spread  Across  Wedge-1  T 

Crotch  1  of  hand  to  distal  joint  of  digit  4  —  A  measure  of  the 
gripping  spread  between  the  crotch  formed  at  the  juncture  of  the 
thumb  and  forefinger  and  the  last  segment  of  the  ring  finger 


HUMAN  ENOINEBUNG  AfPUCATfONS 

For  —  1 )  Detei  ruination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
areas  of  the  hand 


DESIGN  CJOTHUA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  96%  of  USAF  rated 
personnel: 


Barehanded 


Unpeg  aurlzed 


Preiwriird 


Range  of  Values  for 

Hand  Spread  Across  Wedge-11  per  Glove  Size 

ncfrn  (cm) 


ai££c2hbSilL 


'Ik^YrVyv-i 


HAND  SPREAD  ACROSS  WEDGE-12; 

CROTCH  I  OF  HAND  TO  DISTAL  JOINT 
OF  DIGIT  5 


Subject  place*  his  right  hand  ou 
the  measuring  wedge  so  that 
crotch  1  is  on  the  right  edge  of 
the  wedge  and  the  distal  joint  of 
digit  5  is  on  the  left  edge  of  the 
wedge.  Subject  slides  his  hand 
down  the  sides  of  the  wedge  to 
the  maximal  spread  while  main¬ 
taining  joint  contact  on  the  edges. 
Reading  Is  taken  at  the  last  Vi 
inch  line  completely  cleared. 


ANTHROPOMETRIC  DATA  (N  =  27) 

Condition  1:  Subject  wearing  unprmuiized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 
Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  3.5  palg. 


Condition  l 

X  1272  cm.  5.01  in. 

SD:  1-51  cm.  0.60  in. 

W  11.88 


Condition  2 


Condition  3 


10.72  cm;  422  in. 
1.45  cm,  057  in. 
1251 


8.25  cm;  325  in. 
121  cm;  0.48  in. 
14.63 
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gagas  -in  '  i  -  p-  m  i 


*****  wmt 


HAND  SPREAD  ACROSS  WEDGE-12 


ANTHROPOMETRIC  DATA  EXPRESSED  AS  PERCENTILES 

Condition  1:  Subject  wearing  unpressurized  suit  but  barehanded. 
Condition  2:  Subject  wearing  unpressurized  suit  and  gloves. 


Condition  3:  Subject  wearing  suit  and  gloves  pressurized  to  25  psig. 


Condition  1  Condition  2  Conditions 


Centimeter*  Perccntilet 

Inckit 

Centimeter*  Percent  lie* 

Inchtt 

Centimeter*  Per cmtiU* 

ImcKn 

14.65 

85  TH 

5.77 

13.33 

95  TH 

5.23 

11.15 

95  TH 

4.39 

14.56 

90  TH 

5.73 

1283 

90  TH 

5.05 

1025 

90  TH 

4.04 

14.46 

85  TH 

5.69 

1245 

85  TH 

4.90 

973 

85  TH 

3.83 

14.38 

80  TH 

5.66 

1213 

80  TH 

4.78 

957 

80  TH 

3.09 

14.27 

75  TH 

5.62 

11.84 

75  TH 

4.66 

9.08 

75  TH 

357 

13.73 

70  TH 

5.40 

11.57 

70  TH 

4.55 

284 

70  TH 

3.48 

13.39 

65  TH 

5.27 

11.32 

65  TH 

4.45 

863 

65  TH 

240 

12.68 

00  TH 

4.90 

11.07 

00  TH 

4.36 

344 

00  TH 

3.32 

12.57 

55  TH 

4.95 

10.84 

55  TH 

4.27 

8.27 

55  TH 

126 

12.46 

50  TH 

4.90 

10.62 

50  TH 

4.19 

811 

50  TH 

119 

12.35 

45  TH 

4.86 

10.39 

45  TH 

4.08 

7.96 

45  TH 

3.13 

1223 

40  TH 

4.81 

10.17 

40  TH 

4.01 

7.80 

40  TH 

3.07 

1200 

35  TH 

4.78 

9.95 

35  TH 

392 

7j86 

35  TH 

101 

11.96 

30  TH 

4.71 

9.74 

30  TH 

3.83 

751 

30  TH 

296 

11.82 

25  TH 

4.68 

9.52 

25  TH 

3.75 

750 

25  TH 

290 

11.65 

20  TH 

4.53 

9.30 

20  TH 

368 

7.20 

20  TH 

233 

11.42 

15  TH 

450 

9.00 

15  TH 

358 

7.02 

15  TH 

277 

11.17 

10  TH 

4.40 

8  91 

10  TH 

351 

6S3 

10  TH 

209 

10.84 

5  TH 

4.27 

884 

5  TH 

3.48 

050 

5  TH 

200 

Prrcentcpe  Decrease  of  the  Percentage  Decrease  of  the 

Individual  Differences  (Averaged)  Meant 

Condition  1  u  S ctt  CondMkm  I  m  Sw 

Condition  2:  15.72% 
Condition  3:  35.14% 


Condition  2:  15.55% 
Condition  3:  34.72% 


Hand  Spread  Across  Wedge-12 


Crotch  1  of  hand  to  distal  joint  of  digit  3  —  A  measure  of  the 
gripping  spread  between  the  crotch  formed  at  the  juncture  of  the 
thumb  and  forefinger  and  the  last  segment  of  the  little  finger 


HUMAN  ENGINEERING  APPLICATIONS 

For  —  1)  Detomination  of  the  maximum  size  of  wheels  to  be  grasped  and/or  turned  by  these  two 
areas  of  the  hand 


DESIGN  CRITERIA 

Number  of  inches  necessary  to  include  or  accommodate  approximately  95%  of  USAF  rated 
personnel: 

Barrhandrd  Unprcaarized  Fretntrized 

\Vz  in.  3Vi  in.  2Vz  in. 


iso 


Range  of  Values  for 

Hand  Spread  Across  Wedge>12  per  Glove  Size 


isi 


Section  III. 

MEASURING  INSTRUMENTS 


S tiding  Caliper  (dimensions  1-4,  13-16) :  a  standard  anthropometric  instrument 

Flexible  Steel  Tape  (5-8):  a  standard  anthropometric  instrument 

Beam  Caliper  (16):  a  standard  ant)  uopometric  instrument  consisting  of  the  upper  half  of  a 
standard  anthropometer 

Finger  Board  (9-10):  a  V4-inch  thick,  rigid  plastic  sheet,  with  a  drilled  series  of  graduated  holes 
ranging  from  W-inch  to  1  Vi-inch  in  diameter 

Hand  Cone  (11-12):  a  hardwood  cone,  graduated  into  24  equal  sections  ranging  from  2  to  8 
inches  in  circumference 

Rotation  Box  ( 17-18;  22-24 ) :  a  5-inch  diameter  protractor,  marked  in  10-degree  intervals,  fastened 
on  a  6  x  8  x  lV4-inch  cardboard  box;  weights  are  inserted  to  provide  balance.  A  class  C  (basic¬ 
ally  a  C-l  knob  illustrated  in  HECED,  op.  cii.,  p.  273)  rotary  knob  mounted  on  a  metallic 
shaft  penetrates  the  center  of  the  protractor.  ( See  figure  3. ) 

Dynamometer  (19):  a  Smedley  Hand  Dynomomctcr  calibrated  in  kilograms  and  manufactured  by 
C.  H.  Stoelting  Co.,  Chicago,  III 

Torque  Wrench  Assembly  ( 20-21 ) :  a  standard  inch-pound  torque  wrench  mounted  freely  as  shown 
in  plate  3  on  a  plywood  A-frame,  used  w'th  a  steel  T-har  handle,  V4-inch  in  diameter,  welded 
to  a  Vi-inch  diameter  shank  and  Va-inch  socket 

Wedge  (25-36):  a  24-inch  long.  1-inch  thick  hardwood  measuring  block,  8-inches  wide  at  the  bot¬ 
tom  and  2-inches  wide  at  the  top.  (This  slope  provides  a  V«-inch  change  in  width  for  every 
1-inch  of  length.  The  face  of  the  wedge  is  marked  with  both  actual  width  dimensions  and 
a  numerical  code.  The  code  was  used  to  facilitate  vocalizing  and  recording  measurements. ) 
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